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Message From the Dean of Research 
The NPS Naval Research Program is in its second year. The name has evolved to the 
current NPS NRP because “research” is a more accurate description of the work being 
done by NPS faculty and students than is the former moniker of “studies”. 
Nonetheless, the notion of studies is also relevant because these projects are timely 
and informative. The NPS NRP solicits topic ideas from OPNAV and, by their nature, 
these topics are of operational and near term interest. If one of these projects 
uncovers a new word that strikes the balance between studies, research, and 
operational planning, the program name may evolve again. 
  
What is important about the NPS NRP is the tri-part nature of the program. Funding for 
the program is being provided in order to:  
 
1) increase the operational awareness of the NPS faculty,  
 
2) supply the NPS officer-students with access to operationally relevant thesis 
topics, and  
 
3) deliver useful project results to topic sponsors across the breath of the OPNAV 
organization.  
 
These three goals form the analogue of a three-legged stool. Remove any of the three 
legs or goals and the stool won't stand. Short change any of the program goals and 
the intent of the program won't be met. 
  
As you review the diversity and outcomes of the 37 FY15 projects reported on here, it 
should be clear that all program goals are being met. The NPS research teams are 
developing broad understanding of the problems facing operational Naval forces 
today; students are participating in seeking solutions to these problems; and solutions 
are being found. 
Sincerely, 
Dr. Jeffrey Paduan 
NPS Dean of Research  
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Naval Research Program Overview 
The Naval Postgraduate School (NPS) Naval Research Program (NRP) is funded by the 
Secretary of the Navy (SECNAV), and supports research projects for the Navy and 
Marine Corps. The NRP research projects are comprised of individual research teams, 
where projects are conducted and expertise is developed, and then maintained, on 
behalf of the Navy and Marine Corps. The NPS NRP serves as a launch-point for new 
initiatives, which posture naval forces to meet future challenges. The primary 
mechanism for obtaining NPS NRP support is through participation at the bi-annual 
spring and summer NPS Naval Research Working Group/Thesis Research Working 
Group (NRWG/TRWG) research meetings for the Navy and USMC sponsored 
respectively. The annual spring meeting is a joint Navy and Marine Corps sponsored 
event; and the summer meeting is a Marine Corps-only event. Both research meetings 
bring together sponsors and faculty members to discuss potential research initiatives. 
Background 
The NRP was established in 2013 to leverage the expertise and experience of NPS’ 
multidisciplinary faculty and naval (Navy and Marine Corps) student body to complete 
relevant, cost-effective research that addresses operational issues for the Naval 
community*. Naval research, analyses topics, and focus areas are sponsored by 
numerous agencies within the DON. The NPS NRP has developed as a standardized, 
systematic vehicle to leverage NPS multidisciplinary faculty and student research 
capabilities in response to demand signals across the DON. It serves to execute 
research that adds value to the Department of the Navy through research efforts 
(RDT&E funding) at NPS. The NPS NRP in no way replaces the traditional, independent, 
external research development processes used by NPS faculty (e.g. Broad Area 
Announcements, Requests for Proposals), but rather is intended to complement those 
efforts. 
*Other Federal Agency sponsors may choose to participate in the NPS NRP working 
groups with their own funding. 
Organization 
The organization of the NPS NRP is based upon an annual research-topic solicitation 
process that helps merge DON research requirements with NPS faculty researchers 
and students who have unique expertise and experience within the DON, creating 
opportunities for NPS to actively contribute to real-world issues within the DON by 
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providing relevant, high-quality, and timely research. The process starts annually with 
the convening of the NRWG on site at NPS each spring. The TRWG co-convenes one of 
its two bi-annual meetings with the NRWG. The working groups create a forum for 
open discussion between NPS faculty, students, and DON topic sponsors. 
The NPS NRP also draws ideas from a Topics Review Board (TRB) comprised of senior 
military and/or civilian representatives from each of the responding operational 
command/activities, headquarters, or systems commands. The TRB also includes a 
senior leader from NPS. The USMC executes and establishes a parallel Executive 
Review Board (ERB) process to conduct the same service-level research-topic 
exploration. TRB and ERB recommendations are forwarded to the NPS president for 
concurrence and coordination with the Vice Chief of Naval Operations and Assistant 
Commandant of the Marine Corps. The review boards conduct thorough reviews of 
proposed topics and research, to ensure funding is available to support topics with the 
highest priority within the DON. 
Mission and Goals 
The mission of the NPS NRP is to facilitate a continuum of Navy and Marine Corps 
research projects for the purpose of meeting current and future naval research 
requirements, integrating NPS faculty into the total naval Research and Development 
(R&D) capability space, and disseminating the knowledge and expertise gained to NPS 
students. The goals of the NPS NRP are to: 
§ become a recognized partner from which naval R&D organizations seek out 
research in response to short, medium, and long-term time frame 
requirements  
§ develop a ready pool of faculty research expertise to address these 
requirements 
§ offer a venue for NPS students to identify thesis research opportunities in 
areas directly relevant to naval challenges and research needs 
§ become the recognized leader for providing cutting-edge graduate 
education for naval officers that includes research complementary to the 
U.S Navy’s and USMC’s R&D requirements. 
The NRP supports the awareness that “an active academic research program is vital to 
the quality of education provided to students, the attraction and retention of 
exceptional faculty members, and the provision of real-time, directly relevant 
deliverables to government sponsors (SECNAVINST 1524.2c dtd 21 Oct 2014),” and is 
postured to fulfill this DON requirement. The NPS NRP convenes the annual 
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NRWG/TRWG as a forum for communicating, reviewing, validating, prioritizing and 
recommending research-topic challenges for consideration. Other topic solicitation 
methods may be employed in coordination with NRWG and TRWG to maximize the 
breath and scope of research topics. The process includes opportunity for faculty 
dialogue with topic sponsors; faculty proposed responses to proposed topics that 
match academic interests and capabilities; and review, validation, and prioritization of 
matched topics against the most pressing joint requirements. 
Program Administration 
The NPS NRP is directed through NPS’ Research and Sponsored Programs Office. The 
Dean of Research (DOR) at NPS is designated as the lead agent and is responsible for 
NRWG execution, routing of post-TRB research requirements to NPS faculty and 
sponsors,, and program management of the NPS NRP. The NPS NRP Program Office 
includes a program manager, deputy program manager, and small staff who is 
delegated the responsibility for day-to-day program management of the NRWG, as 
well as program and individual research project oversight on behalf of the DOR. The 
NPS NRP Program Office coordinates and liaises with NPS NRP designated points of 
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N1: Personnel 
Life Work Balance in the Context of the Navy 
Researchers:  Kathryn Aten, Marco DiRenzo, Mark Eitelberg, Michael Smith, Kirk 
Emanuelsen, and Jon Lee 
Background:  The objective of this study is to compare male and female Sailors' 
understandings, definitions and desires regarding life-work balance and recommend 
policies and practices to support the balance of work and life roles in the context of 
Naval careers in order to improve the retention of female Sailors, in particular. In short, 
this study will explore, "How do Sailors define life-work balance in the context of their 
Naval careers?" and “What policies and practices are likely to support life-work balance 
in the Navy?” 
This study adds to current knowledge of the meaning and role of life-work balance for 
the Navy’s sailors and makes practical recommendations to improve perceptions and 
achievement of life-work balance. Life-work balance is widely recognized in academic 
studies and studies specific to the Navy as a key driver of organizational commitment 
and retention. Conflicting definitions of life-work balance remain and, extant 
definitions may not fully apply in the context of a Navy career. A lack of a Navy-specific 
definition may limit the utility of policies and practices based on conflicting 
understandings. Increased knowledge, in particular, a Navy specific definition, will 
enhance understanding, and thereby guide recommendations for policy and practice 
specific to the U.S. Navy as well as provide direction for studies. 
Process:  This study is addressing the following questions: What are the frameworks, 
findings and conclusions of studies of life-work balance in academic research and 
specific to the Navy? How do Sailors define life-work balance in the context of their 
careers? What policies and practices can best support life-work balance for Sailors in 
the context of a Naval career?  
The approach is a mixed method, sequential study to develop and test a conceptual 
model. A student project has been completed. The project included a literature 
review, and collection and analysis of exploratory interview and survey data. A model 
has been developed and the research team is developing a survey tool to conduct a 
wider survey and test of the model. The study will require 10 to 12 interview subjects, 
which may be solicited from NPS students.  
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Findings and Conclusions:  Initial analysis suggests that conflict and tradeoffs within 
the life-work domain, time flexibility to maintain balance, command culture, and 
occupational choice retention decisions. This research shows that there are 
commonalities between men and women within their life-work domains, but it also 
shows gender differences among specific occupational influencers. Both males and 
females interpret and achieve balance in similar ways, yet women are more 
susceptible to increased conflict within their life domain. As such, the Navy is in 
danger of losing highly qualified female personnel to attrition or different sub-
specialty selection, based on their perception of that specific community. Addressing 
the root conflicts influencing the life-work balance mismatch will assist the Navy with 
improved female retention.  
Recommendations:  Recommendations will be developed and presented after 
completion of the research. 
 
Improving Navy MPTE Studies with Model-Driven Big 
Data 
Researchers:  Tom Lucas, Susan Sanchez, Sam Buttrey, Mary McDonald, and Steve 
Upton 
Students:  LCDR Erin Borozny, LT Nick Dehollen, and ENS William Desousa 
Background:  The Navy uses complex models to help manage its human capital.  These 
models assist Navy leadership in understanding the potential impacts and risks of 
changes to force structure, policies, and the economy on its future personnel.  Many of 
these models contain a large number of input variables, some of which are uncertain.  
They also generate an enormous amount of output data.  This project is assessing the 
feasibility and benefits of data farming with these models—that is, embedding a 
chosen N1 manpower, personnel, training, and education (MPTE) tool in an 
environment that enables efficiently running and analyzing designed experiments 
over a breadth of input variables, thereby creating model-driven big data.  This will 
enable N1 to better understand and utilize its complex models to support resource 
and policy decisions that create and shape the future Navy.  For 2015 research, the 
chosen model is the Officer Strategic Analysis Model (OSAM).  We are investigating the 
possible use of the Navy Total Force Strength Model (NTFSM) for 2016 research. 
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Process and Research Objectives:  The objective of this research is to improve the 
ability of OPNAV N1 analysts to quickly and efficiently obtain experimental 
information from their computational models.  This will allow them to quickly quantify 
the potential impacts of numerous resource and policy options.  The process of 
developing, testing, and demonstrating this new capability includes: (1) identifying an 
appropriate N1 MPTE computational model to be embedded in a data farming 
environment, (2) developing and testing software scripts and the accompanying 
hardware to make the chosen model data farmable, (3) running a proof-of-concept 
test case that assesses and demonstrates the new capabilities, and (4) transferring the 
new capabilities to N1.   
Findings and Conclusions:  This research continues in an iterative fashion of 
developing, testing, and using the new software to data farm OSAM (and eventually 
NTFSM).  We have already developed, tested, and began the initial usage of a 
prototype software tool known as OSAMRunner.  OSAMRunner is a command line 
wrapper, written in C#, around a SEED-modified version of the OSAM model that 
allows users to run multiple replications of OSAM (without human intervention) from 
the command line.  It also exports the OSAM output database tables to a set of csv-
formatted files that users can easily open in any analysis package—such as Excel or 
JMP.  There is still some work needed so that analysts can join a set of tables into a 
single file.  Thesis student-officers are using/testing this new capability in OSAM—with 
an emphasis on quantifying variability in outcomes to numerous inputs—e.g., policy 
options.  We have also added a much better random number generator to OSAM—the 
Mersenne Twister.  
Recommendations:  NPS Student-officers who are participating in this research are 
coordinating with OPNAV N1 staff—in partnership with SEED Center researchers—to 
identify studies and models (e.g., NTFSM) that will use and test the data farming 
capabilities being developed.  If the new capabilities in OSAM and NTFSM prove 
valuable, they will be applied to support other N1 studies—such as, the results of 
various options on female SWO retention. 
 
Developing Resilience in a Ready Force:  Assessments 
and Intervention 
Researchers:  Edward Powley 
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Background:   We have been working with NSTC to understand the factors that 
contribute to resiliency and identify ways to instill resilience during new recruit 
training. In an effort to increase sailor resilience and to enhance their chances for 
successful integration in Navy commands, we have developed methodologies that are 
helping to identify characteristics that contribute to higher or lower levels of 
resiliency.  
Process:  We have accomplished several steps so far and are working forward toward 
the next phase of the project. First, we made several site visits to the RTC (Recruit 
Training Command) at Great Lakes, IL. There we learned firsthand about the RTC and 
the life and challenges of new recruits. We visited several of the training exercises, met 
with Recruit Division Commanders, and held focus groups and interviews with new 
recruits. Those interviews have proven valuable to help develop and introduce 
interventions to focus on building resilience capacity. We have been in contact with 
our points of contact at the RTC throughout our initial stage.  
Our next phase of the project includes surveys with additional divisions and 
introducing interventions with them. The interventions intend to build resilience not 
only in individuals but also for the groups and teams in which they participate. We are 
working closely with command leadership to schedule the data collection and 
interventions.  
Findings and Conclusions:  At this point, we are collecting data, entering data into 
formats for data analysis. Findings and conclusions are still on the horizon.  
The qualitative interviews point to a general story for how recruits make sense of their 
difficulty and the resources they draw on to strengthen their individual resilience via 
the social interactions they engage in during the recruit process. More findings are 
forthcoming. 
Recommendations:  We developed three recommended interventions and proposed 
them to the command leadership. The interventions were received positively. The first 
involves strengthening positive identities of Navy recruits, the second deals with 
helping recruits learn from challenging circumstances, and the third helps them focus 
on building positive relationships with their fellow recruits. 
Analysis of suicide behaviors in the Navy Population 
Researchers:  Yu-Chu Shen, and esse Cunha 
Student:  Neeta Serena Blankenship, and Kristen Shepherd 
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Background:   Since 2010, U.S. Navy suicides have been increasing, gaining 
considerable attention from the Secretary of Defense. Although each case is a result of 
a unique series of events, several observable factors can contribute to a Sailor’s suicide 
risk. 
Factors that can influence risk of suicide include demographic and non-demographic 
components. By themselves, demographic components (age, race, gender) may not 
adequately explain correlations between suicides and contributing factors. Examining 
non-demographic components (i.e. deployment condition, different ratings), prior 
mental health diagnoses, as well as pre-screening process would provide a more 
complete analysis and a more accurate representation of correlations between 
suicides and contributing factors. 
This study's long-term goal is to retrospectively analyze the suicide behaviors at 
various stages (from suicidal ideation to death by suicide) at the individual sailor level 
and to identify risk factors and/or the loss of protective factors at different stages of 
that process.  For FY15, we address the following questions:  
1. What non-demographic, service-specific factors (for example, sailor rating, warfare 
platform, combat zone deployment, type of command, transition status), and pre-
screening factors (such as AFQT, substance abuse, medical or legal waivers) are 
associated with the occurrence of suicide attempts and death by  suicide?    
2. What percent of suicide decedents had a previous history of suicide attempts? 
3. In both the active duty and the reserve components, how do risk factors change 
through different stages of suicides? 
Process:  We have engaged two MSA students to work with us on this project.  So far, 
the research team has combine the following information at the individual sailor level: 
clinical data from TRICARE, personnel and deployment data from DMDC, confirmed 
death by suicide data from AFMES and National Death Index.  
Data from DMDC contained basic demographic information (age, gender, race, family 
status) and service factors (initial month/year of service, occupation specialty, UIC, 
deployment history, accession sources, waiver history, etc).  The AFMETS contained 
variables on a service member’s date of death and whether the death was ruled a 
suicide while the member was on active duty status.  The NDI contained variables on a 
service member’s date of death and whether the death was ruled suicide for all service 
members even if they have left military service.  The NDI data is critical for our research 
because it captures suicide deaths while the person is not activated while serving in 
the reserve component and after the person is separated from the military.  We linked 
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data across all sources via a scrambled ID (EDIPN).  Additional details about access to 
the suicide data are provided in the Appendix of the approved IRB protocol. 
We implemented multivariate analysis for this research.  We examined two separate 
suicide events—whether the person was diagnosed with self inflicted injuries (i.e., 
suicide attempts regardless of their death outcome), and whether the person died as 
the result of suicide.  In both analysis (suicide attempts and suicide death), the 
dependent variable is binary.  Therefore we implemented a logistic regression model. 
The key independent variables are the prior mental health diagnoses, pre-screening 
factors, demographic and service variables.   
Findings and Conclusions:  Preliminary results consistently found that diagnosed 
mental health conditions, specifically, depression and substance use, increased the 
odds of Sailors in all populations attempting and/or dying by suicide. Service-specific 
factors showed varying levels of significance across the different populations; 
however, those who were demoted in the enlisted population were at higher risk for 
suicide attempt and death. Deployment to a combat zone was associated with lower 
odds of attempting and dying by suicide for all populations except enlisted reservists. 
There were few significant covariates of suicide attempts or death among the officer 
population.  
Going forth, we will be focusing on the relationship between suicide behaviors and 
the transition in and out of the reserve component and transition out of the service.  
We will conduct a survival analysis to gain better understanding of the time varying 
risk factors.  In addition, we plan to compare the Navy results to the other three service 
branches, to gain a better understanding of the magnitude of the problem across 
services. 
Recommendations:  N/A for mid-year report, since we are still analyzing the data. 
 
Junior Sailors’ and Officers’ Use of New Media in the 
US Navy:  Opportunities and Challenges 
Researchers:  Gail Thomas, Kathryn Aten, Kim Stephens, Jess Neff, Sally Baho, and Tara 
Hernandez 
Student:  LT Emily Allert and Winter 2015 GB3012 Students 
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Background:   Social media and mobile apps are frame breaking because they afford 
organizational behaviors that previously were difficult or impossible to achieve. Unlike 
traditional media channels, enterprise social media offer organizations a platform for 
connecting personnel in a virtual space.  Corporations have used enterprise social 
media in innovative ways to advance knowledge sharing, improve employee 
engagement, and increase work satisfaction.  The US Navy has much to learn about 
the opportunities that enterprise social media might afford, especially among young 
sailors and officers.  This study was designed to answer the following research 
questions:    
 
Study Question 1: What does the literature say about young adults (18-29 years) use of 
social media and social apps -- both for personal use and in the workplace? What are 
the implications for the US Navy? 
 
Study Question 2: How, when, and why do Junior Sailors and Junior Officers use social 
media and mobile apps?  
 
Study Question 3: How might USN leadership better use enterprise social media to 
achieve USN objectives? 
 
Process:  The study includes several phases:  1) In the fall, a literature review was 
conducted to explore theories and concepts that relate to social media and mobile 
app use for young adults. This review includes statistics and trends of social media 
usage – what is used, why are they used, how are they used.  Also, for mobile apps: 
how and why they are used. The literature review also explores the way that scholars 
are conceptualizing the use of social media and mobile apps in today’s and 
tomorrow’s organization including their value to the organization. In particular, I am 
interested in how social media alter organizational processes. The review addresses 
the threats that accompany the use of social media and mobile apps.  Last, the review 
identifies companies that are exploring opportunities for innovative uses of enterprise 
social media.  2)  In the late spring/summer interviews and focus groups with junior 
sailors and officers will be held to better understand their use of social media and 
mobile apps. We plan to learn how young sailors and officers use social media to forge 
new inter and intra-organizational networks.  3) Two theses are being conducted to 
address the research questions.  One thesis, authored by Ms Tara Hernandez, is 
exploring the use of crowdsourcing for the USN.  In particular, she is documenting the 
lessons learned from two specific Navy crowdsourcing experiments: the use of NPS’s 
gamification, MOOWGLI, for strategic thinking at NAWCAD and the use of 
crowdsourcing to identify administration distractions that impede warfighting, CNO’s 
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RAD initiative.  LT Emily Allert is working with the Women’s Policy office to analyze 
their enlisted and officer’s use of Facebook groups. Through Facebook administrator 
interviews and the analysis of Facebook posts, LT Allert is identifying the ways that 
Facebook affords these women social support in a virtual environment.  4)  During the 
Winter of 2015, 42 Communication for Manager students (MBA GB3012) completed 21 
class projects that identified military problems/issues that might be solved with 
innovative uses of enterprise social media or mobile apps.   
  
Finding, Conclusions and Recommendations:  Results of the four phases described 
above will be available at the end of the study period, 30 October 2015. 
 
  
        Naval Research Program 
Naval Postgraduate School 
N2/N6:  Information Dominance 
Fleet HF Capability, Skills and Effectiveness 
Researchers:  Shelley Gallup and Peter Guest 
Background:  The HF Capability, Skills and Effectiveness study has so far focused on the 
HF spectrum as an opportunity to deliver C2 capability in times of satellite degradation 
and denial.  This fits with the present concepts of maritime information dominance.  
However, as a “system” HF as a capability has suffered in many ways, degrading its 
overall potential.  The variety of impacts on the HF system is being elicited, and this 
turns out to be a multi-dimensional problem set.  What effectiveness means as a 
metric also need to be determined and another aspect of this work.  Part of this study 
also includes making NPS part of the HF system, as a laboratory for further study. 
Process:  To study HF as a system, a framework is required.  We are using the 
“Congruence Model” of organizations as that framework.  It provides a multi-
dimensional view of the complex interactions between resources, strategy, work, 
formal organizations, people, informal organizations and outputs.  A variety of 
methods are used to get the data needed for each of these dimensions.  Review of 
documentation (most from NAVIDFOR, which is leading the HF effort in the Navy) 
provides a great deal of information, site visits (have visited the HFGCS at Dixon) 
ashore and afloat will gather information from Fleet users, and data from past 
exercises and operations will also be used.  Each of these data types are currently 
being used in the study. A survey is being proposed to assay the Fleet users on specific 
issues related to HF utility.   
Findings and Conclusions:  As we continue this study we are finding many ways in 
which the HF spectrum is underutilized, in spite of requirements for its maintenance 
and use.  There is a contrast emerging in the way our allies and coalition partners 
employ this spectrum, and do so effectively.  A follow-on study has been proposed to 
fully understand the ways in which the HF spectrum is used and is tactically relevant to 
the other navies that recognize the importance of the spectrum, or are employing it 
because they are not satellite equipped. 
Recommendations:  This study is at its mid-point.  Findings and recommendations will 
be included in the final report. 
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Anamoly Detection Across Navy Networks/Platforms  
Researchers:  Shelley Gallup, Scott McKenzie, Ryan Kelly, Rich Mascolo, and Jay Sellen 
Background:  The OPNAV funded a study through the NPS Naval Research Program to 
research and analyze procedure sets for human analysts to use while conducting 
insider threat mitigation operations within a hub environment. 
On October 7, 2011, the President signed Executive Order 13587, “Structural Reforms 
to Improve Security of Classified Networks and the Responsible Sharing and 
Safeguarding of Classified Information.” Executive Order 13587 directs the heads of 
agencies that operate or access classified computer networks to have responsibility for 
appropriately sharing and safeguarding classified information. 
In November 2012, the White House issued National Insider Threat Policy and 
Minimum Standards for Executive Branch Insider Threat Programs. These minimum 
standards provide the Departments and Agencies with the minimum elements 
necessary to establish effective insider threat (InT) programs. 
In 2013, the Washington Navy Yard shooting incident and the National Security 
Agency (NSA) leaks highlighted the need for robust InT mitigation operations. 
On 27 January 2015, the Chief of Naval Operations (CNO) released the Navy Insider 
Threat Program Instruction (OPNAVINST 5510.165). This document levied 
requirements for the Navy to Detect, Deter, and mitigates insider threats. 
InT mitigation operations cross physical and virtual boundaries: 
• InT operations require input from a variety of skill-sets. 
o (e.g., counter-intelligence, information assurance, physical security, law 
enforcement, cyber security, personnel security, human resource activities, 
medical, chain-of-command structures, etc.) 
• InT operations are performed by a variety of organizations. 
o (e.g.,servicedepartments,federalagencies,contractororganizations,etc.) 
o Each organization has a unique culture and mission 
• InT attacks stem from a variety of motivations (use cases). 
o (e.g., sabotage, espionage, intellectual property theft, violence, etc.) 
o Witting and unwitting 
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Problem Statement and Benefits of Research:   Within this emerging mission area, 
organically developed, single-agency InT mitigation operations have been influenced 
by an organization’s culture, mission, collection of skill-sets, and main use cases. Since 
the future of InT mitigation operations will be a “Hub” architecture (April 2015 
SPAWAR study has determined), and since Hub operations are mandated to be 
centralized (SECNAVINST 5510.37), this research will drive the collection of best 
automated and manual practices from a variety of skill-sets, organizations, and use 
cases and condense those required actions/sequence of events into “playbooks”. The 
resultant playbooks are a critical mission requirement to ensure that all actions taken 
with the hub are legally approved and will provide procedural guidance necessary to 
withstand judicial find. Using these playbooks, human analysts and automated 
systems, working within InT hubs and being charged with InT mitigation, will generate 
standard responses to similar sets of InT indicators. 
Standardized responses are important for at least two reasons. First, legal challenges 
will inevitably arise from InT mitigation. Legal challenges will likely be based, at least in 
part, on unfair or disparate application of response. Second, standardizing responses 
will also enable measurements of effectiveness at the system level. Whenever 
effectiveness is measurable, focused improvements to effectiveness can be made. 
The insider threat program and all its products and services will ensure Office of 
General Council (OGC) approval to ensure protection of employee privacy and civil 
liberties. 
Process:  The research team at NPS is conducting an Insider Threat “war game” to 
crowd source best practices among two-dozen agencies.  Currently, over eighty 
players have registered for the war game.  The results will be consolidated into a 
report, with procedure sets attached.  
Research Questions: 
1. What are best practices for InT Mitigation? 
2. How are InT mitigation strategies affected by variations in culture and mission? 
3. What is the best form for a generic InT Mitigation Playbook? 
This research seeks to collect, evaluate, and codify best practices for InT mitigation. 
Determining best practices requires the polling of numerous Subject Matter Experts 
(SME) comprising a variety of skill- sets and organizations over a broad 
geographical/mission area. Additionally, since insider threat vectors are across the 
spectrum of access points and motivations, the research will need to be done over a 
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broad spectrum of use cases. To shorten the time required for such an operation, a 
scalable, online capability is needed. 
Massively Multiplayer Online War Game Leveraging the Internet (MMOWGLI) is a war 
game platform that was jointly developed by the Naval Postgraduate School (NPS) and 
Institute for the Future (IFTF), under sponsorship from the Office of Naval Research 
(ONR). It has been successfully applied to a highly diverse set of problems, and we 
believe it will be an excellent platform for “crowdsourcing” InT mitigation best 
practices. 
Through the application of MMOWGLI, we will be able to perform broad-based vetting 
of InT use cases across multiple skill-sets and organizations simultaneously, generating 
interaction among the disparate and geographically dispersed analysts/SMEs. 
MMOWGLI war games are administered by Game Masters and engaged by the 
analysts & SME. Game Masters will be comprised of researchers from NPS, Carnegie 
Mellon University (CMU) CERT team, and the Defense Personnel and Security Research 
Center (PERSEREC). SME will be invited to participate in the war game after pre-
screening from Game Masters. 
MMOWGLI war games are conducted asynchronously over a 10-day period. After five 
days, progress is assessed by the Game Masters and the direction of the war game is 
adjusted for the second half. SME participation requirements are not dictated in 
numbers of hours, but the average SME can expect to participate for 5-10 hours over 
the life of the war game. 
Findings and Conclusions:  The research is incomplete at the mid-year point.  There are 
no findings or conclusions to report at this time. 
Recommendations:  Recommendations for future work will be provided in the final 
report.  What is certain is that there will be additional war games required to complete 
the procedure sets, given the number and variety of use cases.  After all procedure sets 
are complete, war games should continue to be used as a method for refining and 
optimizing procedures.  This will be required because the insider threat battle space 
will continue to evolve over time. 
 
Integration and Optimization of UUX/USX Operations 
in Environmental Characterization 
        Naval Research Program 
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Researchers:  John Joseph, and Doug Horner  
Students:  USW Bradley Nott 
Background:  A study of the integration of unmanned surface vehicles (USVs) and 
unmanned underwater vehicles (UUVs) in support of wide-area environmental sensing 
and characterization was proposed by CNO N2/N6.  N2/N6E is contemplating the 
development of a USV program under the Littoral Battlespace Sensing Program and this 
study is providing information to support program planning, policy and strategy 
development, organizational support and lessons learned. 
 
In response to the N2/N6 proposed topic, this study examines cooperative use of small 
remotely-managed undersea gliders and unmanned surface vehicles to provide the 
warfighter with critical real-time environmental characterization, both oceanographic 
and acoustic, for extended (multi-month) periods of on-scene operations.  The long-
endurance capability allows the system to operate protracted independent missions, 
minimizing any burden it would otherwise impose on in-theater assets required to 
support it.  To attain the capability in an integrated system, both the USV and UUV 
components must have “long legs”.  Our hypothesis is that an integrated system with 
reliable long-endurance characteristics will result in an operational capability that 
leverages the strengths of the individual platforms while mitigating their limitations and 
thus be a more effective force-multiplier than if the components were deployed 
independently.   
Process:  Our comprehensive program of theoretical, modeling and observational 
studies provides insight into the strengths and limitations of an integrated UUV/USV 
system to conduct timely wide-area environmental assessment applicable to Undersea 
Warfare and Battlespace Awareness missions.   
Our approach has been to conduct an extensive literature search on various types of 
USV and UUV systems and their applications in research and industry to understand the 
potential capabilities that can be valuable to the system we envision.   We are also 
comparing our physics-based propagation modeling results against real-world acoustic 
datasets collected in a representative mid-latitudes ocean environment.  A deep-diving 
(>1000m) Spray glider was used to collect both oceanographic profiles and receive 
signals transmitted from a shallow mid-frequency source.  A similar effort to collect 
acoustic communications signals is forthcoming and again will be compared with model 
results to demonstrate that, with appropriate environmental information, system 
performance of an integrated USV/UUV system can be well predicted and optimized.   
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We are also in the process of modifying NPS UUV/USV platforms that will be used to 
conduct testing under near-operational conditions. 
Findings and Conclusions:  Our literature search has found numerous applications of 
UUV and USV platforms being used in research, industry and the military, most of which 
demonstrate individual platforms working independently.  However, there is much 
valuable information to glean from these efforts.   There are also examples of 
cooperative behavior between USV and UUV platforms that have been successfully 
demonstrated which have been helpful in shaping our understanding of what may work 
and where we may run into some challenges.  We have been fortunate to tap into 
assistance and expertise from colleagues at Scripps Institution of Oceanography (SIO) 
and the Monterey Bay Aquarium Research Institute (MBARI) that have guided us 
towards our current approach.  Based on the current state of research in this area and 
the preliminary data sets we’ve gathered thus far, we are confident our approach has 
potential to lead to a relevant, capable integrated UUV/USV system, however more 
work needs to be done to iron out the details. 
 
Recommendations:  Continued development of the system we envision is highly 
recommended.  This study is laying the essential groundwork for development of a 
credible, long-endurance, remotely piloted integrated UUV/USV system based on 
exploiting the local environment.  Recommended future work should include addressing 
technical details that still need to be resolved and additional field testing under various 
real-world environmental conditions to ensure full functionality is attained. 
 
Big Data Architecture and Analytics for Common 
Tactical Air Picture (CTAP) 
Researchers:  Ying Zhao, Walter Kendall, and Bonnie Young 
Student:  LT Zachary Germershausen 
Background:  The amount of data generated by intelligence, surveillance, and 
reconnaissance (ISR) sensors has become an overwhelming challenge for decision 
makers involved in CID and the CTAP environment that Big Data architecture and 
Analytics (BDAA could address. The Navy needs to apply new architectures and 
analytics such as the current state-of-the-art BDAA). We will show how Big Data 
Architectures and Analytics (BADD) can collect and analyze the rising tide of sensor 
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Information and fuse it in a timely manner to enhance Common Tactical Air Picture 
(CTAP). 
For instance, more specifically, accurate, relevant and timely Combat Identification 
(CID) enables the warfighter to locate and identify critical airborne targets with high 
precision, optimizes the use of long-range weapons, aids in fratricide reduction, 
enhances battlefield situational awareness, and reduces exposure of U.S. Forces to 
enemy fire.  
Specifically we want to study 1) how to identify and assess the current CID methods, 
for example, the best combination of platforms, sensors, networks, and data including 
organic sensors, regional sensors and National Technical Means (NTM) that can be 
used for track correlation and continuity of CID and correlate IDs to tracks regarding 
the state-of-the-art of the systems, applications, databases from Navy, Joint and 
National programs. 2) how to use massive parallel and distributed computation to 
improve CID’s fidelity and latency reductions through recursive data fusion; 3) how to 
use learning agents to discover and learn the patterns in historical data and correlate 
the patterns with real-time data to detect anomaly; 4) how the discovered patterns 
might be consistent with all functional elements and existing rules for the Cooperative 
and Non-cooperative CID methods. 5) how to address the unique challenges of CID 
(e.g., extremely short dwell time for fusion, decision making, and targeting; uncertain 
or missing data outside sensor [e.g., radar, radio] ranges; and limited resources in air); 
6) Improve real-time targeting recommendations and decision making towards a 
future vision of automated battleforce management. 
 
Process:  We are working on two key tasks as follows: 
Task 1:  Identify/assess the current CTAP, identify key elements required to support 
IAMD and NIFC-CA, for example, the best combination of platforms, sensors, networks, 
and data in a common tactical air picture. 
Task 2: Investigate/explore how to apply innovatively the big data architectures and 
related analytic platforms such as Lexical Learning Agents (LLA) jointly with Hadoop, 
map/reduce, Distributed R, Rhadoop, Apache Mahout and RAD (Rapid Application 
Development) to such as Model View Controller (MVC) technologies to construct a 
better CTAP.   
For Task 1  
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• We reviewed a large collection of documents provided by domain experts and 
have periodic conference calls.  
• We attended the National Fire Control Symposium (NFCS) and communicate with 
the CID domain experts to understand the current status. 
• We are in the process of compiling a taxonomy for CID as a deliverable. 
 
For Task 2 
• We went to the Silicon Valley Big Data and Deep Learning meetups and seminars 
to understand the state-of-the-art technologies and methods in the area.  
• We are also in the process to publish a white paper titled “Big Data and Deep 
Learning for Understanding DoD Data” to the Crosstalkonline.org Data Mining and 
Metrics, Jul/Aug 2015 Issue (http://www.crosstalkonline.org) which  CTAP is 
presented as a use case. 
 
Findings and Conclusions:  We presented the initial results regarding how to apply 
BDAA analytics such as unsupervised learning, self-taught learning, deep learning, 
pattern recognition, anomaly detection and data fusion, with tools such as Lexical 
Learning Agents (LLA), System Self-Awareness (SSA) and Collaborative Learning 
Agents (CLA) jointly with Hadoop, Map/Reduce, Spark, Apache Mahout and traditional 
data sciences such as Model View Controller (MVC) to improving CID at the NFCS.   
We found the potential and anticipated benefits by using BDAA to CTAP are listed as 
follows: 
• Process more data sources in parallel 
• Automate data fusion with heterogeneous databases to improve object 
recognition and predictive accuracy  
o For example, “Representation learning through topic models “((Dr. Arjuna 
Flenner, Dr. Arjuna Flenner, NAWCWD, China Lake) might be able to fuse 
heterogeneous data sources for CID 
• Machine-learn associations for diversified attributes from different sensors which 
may not be in the same data formats for fusing heterogeneous databases 
o For example, Navy Tactical Cloud (NTC) requires a pre-defined meta-data, data 
standard, ontology and taxonomy to set up an application like Combat ID. Big 
Data technologies such as graph databases may be leveraged to facilitate 
analytics that might not correlate, associate and fuse heterogeneous data 
sources 
• Perform pattern recognition and anomaly detection 
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o Lexical Link Analysis (LLA), System Self-Awareness (SSA) and Collaborative 
Learning Agents (CLA) 
o Deep learning, machine vision, large-scale object identification across 
heterogeneous data sources  
o Mahout, Spark & Velox: Spark (Spark, 2015): Map/Reduce is an analytic 
programming paradigm for Big Data. It consists of two tasks: 1) the "Map" task, 
where an input dataset is converted into key/value pairs; and 2) the "Reduce" 
task, where outputs of the "Map" task are combined to a reduced key-value 
pairs. Apache Spark could replace Map/Reduce and Mahout for its speed and 
in-memory computation. 
o Bayesian Networks with R and Hadoop (Mendelevitch, 2015): it is a data-driven 
learning of conditional probability or structure learning. It is a supervised 
learning method but most good for Big Data with low dimensions. It is an 
approximate inference good for Big Data and Hadoop implementation. 
o Quora type of graph models might be useful (http://data.quora.com) 
• Enhance decision-making and resource management through automated data 
analytics 
• Provide CID through custom models or through commercial software such as 
Model View Controller (MVC)  
 
Recommendations:  We recommend a next step to work with a couple of collaborators 
to identify a few data sources and a portfolio of DBAA methods to provide evidence, 
demo and use case for our findings. Specifically we will select test cases, data and beds 
to illustrate the advantages of BDAA to address the unique challenges of CID (e.g., 
extremely short dwell time for fusion, decision making, and targeting; uncertain or 
missing data outside sensor [e.g., radar, radio] ranges; and limited resources in air): 
• Use massive parallel and distributed computation to improve CID’s fidelity and 
latency reductions through a recursive data fusion. For example, to illustrate using 
the Map/Reduce-like paradigm to “map” or associate data sources that are not 
confined to standards (i.e. heterogeneous data sources) and “reduce” them to 
smart data that improve CID 
 
• Use deep learning techniques for object and activity identification in massive 
images and videos 
 
• Use learning agents to discover and learn the patterns in historical data and 
correlate the patterns with real-time data to detect anomaly 
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Approaches identified in this study will inform programs requiring BDAA support and 
inform POM 19. These issues have implications for N2/N6, N96, N98, NAVAIRSYSCOM, 
PEO(C4I), and PEO(IWS). 
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N3/N5:  Plans & Strategy 
USMC Distribution in the Battlespace 
Researchers:  Walter Kendall 
Students: Capt Sarah Bergstrom and Capt Margaret Snyder (USMC) 
Accomplishments: We are working on three key tasks as follows: 
Task 1: Identify Data Requirements / Literature Review  
• Have worked with the sponsors to obtain documentation   
• Have identified five primary data sources: 
o GCSS-MC 
o TCPT  
o CLC2S,  
o BCS3 
o Marine Sierra Hotel Aviation Readiness Program (M-SHARP). 
Task 2: Meeting between the researchers and sponsor reps/ SMEs  
• Have met with the sponsors and SME’s in order to obtain documentation and 
understanding of the process.  
• May do a site visit in July (29 Palms with TTECG) to focus in on requirements (with 
discussion with the sponsor). 
Task 3:  Develop Use Cases/Scenarios 
• Have taken a sponsor use case and have made modifications and SME has 
reviewed. 
• Will solicit at least one more use case if desired by sponsor. 
• Sample users interfaces will be developed. 
Task 4:  Develop Conceptual Information Model (in work) 
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With the data sources identified in Task 2 a conceptual model will be developed next 
since we have one use case.  We may need additional documentation for one or more 
of the primary data sources.  
We hope to within six weeks to start work on 5, 6.  We will need data extracts from the 
sponsor to work on a prototype or dummy data.  
Task 5: Assess the data sources and proposed ETL (Extraction Transformation Loading) 
Task 6: Creation of Data Source for Testing 
Task 7:  Build the Prototype (Proof of Concept) 
Task 8:  Assess the Prototype 
 
Strategic Engagement with Tier One Countries:  Track 
II Strategic Dialogues  
Researcher:  Michael Malley 
Background:  The principal purpose of this study is to identify opportunities for closer 
engagement between the Navy and its counterparts in Brazil, India, and Vietnam. 
Since 2009, the U.S. government has reached high-level agreements to deepen 
defense cooperation with each country. Naval engagement is a critical but 
underdeveloped element in defense cooperation with each one. Effective naval 
engagement with each of these maritime powers depends on accurately identifying 
each new partner’s strategic interests and priorities in the maritime domain.  
Process:  This study will employ an approach known as a “Track II strategic dialogue” in 
order to identify these interests and priorities, and to clarify differences in the way 
each side perceives them. This approach brings together small groups of senior 
experts to engage in focused exchanges on critical and often sensitive issues in non-
official settings. For more than a decade, faculty members in the National Security 
Affairs Department have conducted similar projects on behalf of DOD sponsors. 
This project was intended to conduct dialogues with India and Vietnam, and prepare 
for a similar event with Brazil. However, only the India dialogue was conducted. 
Preparations were made for the Vietnam dialogue, but it was canceled because NRP 
would not extend the period of performance by 90 days to accommodate the 
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availability of Vietnamese interlocutors in September 2015. Funding was insufficient to 
make preparations for the dialogue with Brazil. 
The project conducted a two-day Track 1.5 dialogue at the Indian Naval War College, 
April 27-28, 2015. This event brought together senior U.S. and Indian Navy leaders, 
civilian strategists, and student officers, who presented and discussed their 
perspectives on maritime strategy, military postures, energy security, and the effect of 
cyber on the maritime domain. The U.S. delegation, led by OPNAV N51 RDML William 
McQuilkin, numbered 11, including three NPS students. The Indian side had over 30 
participants—half being senior Indian Naval officers who represent the future of the 
service’s leadership—as well as leading civilian experts. 
Findings and Conclusions:  Since the dialogue was just completed, only tentative 
findings can be reported at this time.  
• We found that a Track 1.5 approach was more effective than the proposed Track 
2.0 approach, since both sides were prepared to send senior officers to the event. 
However, both sides still preferred to meet in an academic setting rather than an 
official one, and the inclusion of non-government experts and organizations was 
essential for organizing the event, designing the agenda, recruiting appropriate 
participants, and assessing the significance and sensitivity of changes in each 
side’s priorities and perceptions. 
• The presentation of CS21R by N51 provided the Indian side with insights into U.S. 
strategic priorities and perceptions, prompted frank feedback from senior Indian 
maritime strategists, and elicited insights into current Indian strategic priorities 
and perceptions. 
• Participants identified new opportunities for joint capacity building, as well as a set 
of strategic concerns that must be resolved in order for both sides to achieve closer 
naval cooperation. Those concerns center on questions about long-term U.S. 
intentions in the Indian Ocean region, and on the ability of the United States to 
maintain a stable regional order. 
• The dialogue contributed to the education and professional development of U.S. 
naval officers, who enjoyed exceptional access to a wide range of Indian maritime 
strategy experts. 
• There is great potential for collaboration between the Indian Naval War College 
and the Naval Postgraduate School on education and research related to maritime 
strategy, regional security, and strategic stability. 
Recommendations 
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• The U.S. Navy, particularly N5, should pursue further Track 1.5 engagements with 
India to refine each side’s understanding of the other’s strategic interests and 
perceptions, not just in the Indian Ocean but the broader Indo-Asia-Pacific region. 
• These engagements should involve the Indian Naval War College, which 
demonstrated the ability to host an event that exceeded participants’ 
expectations. In particular, the NWC provided a forum in which senior military and 
civilian experts were able to share, debate, and explore diverse perspectives on 
regional and global security concerns. 
• The Indian Naval War College and the Naval Postgraduate School should identify 
opportunities for collaboration, especially in education and research related to the 
security of the broader Indo-Asia-Pacific region. 
 
Responding to Russian Non-Compliance with Nuclear 
Arms Control Agreements 
Researchers:  Mikhail Tsypkin, and David Yost 
The project is proceeding as planned.  The following tasks have been fulfilled: 
• Compiled the inventory of the relevant arms control treaties and agreements 
• Determined which treaties and agreements are under threat of violation 
• Met with sponsors to discuss the project and progress – three times, including a 
briefing of sponsors and other stakeholders on preliminary results 
• Held discussions with scholars in NATO allied countries, produced report for 
sponsors 
• Made a research trip to NATO headquarters  
The project is on time. No problems foreseen. 
 
Maritime Strategy and Alliance Policy in East Asia 
Researchers:  Christopher Twomey, Clay Moltz, and Charles Racoosin  
Students: LtCol Scott Matay and students of AE4860 
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Background:  Five interrelated studies were planned address the challenges facing the 
USN and its allies in Asia.  The aim of the first study is to identify what is strategically 
distinctive about the exercise of maritime power in the Asia-Pacific region, and to 
define the critical path(s) to success there. Maritime strategy has been shaped by the 
struggle to “command” the North Atlantic; the Western Pacific pose different, and 
greater challenges.  A second study evaluates Chinese and regional perceptions of 
AirSea Battle to evaluate possible areas for cooperation, deterrence enhancement, and 
risk mitigation.  What aspects of it are viewed in the region as credible responses to 
Chinese A2/AD capabilities and are there concerns about escalation management?  A 
third focuses on China’s expanding counterspace capabilities that threaten U.S. naval 
strategy Asia.  Analyzing the emerging threat environment, thinking through specific 
counter-measures, and developing allied strategies with East Asian military partners 
could strengthen deterrence, reduce vulnerabilities, and ensure operational 
effectiveness.  Fourth, though the ROK and Japan share many interests, historical 
legacies and territorial disputes have hampered their coordination, in areas from 
military information-sharing and acquisitions to DPRK policy to general naval 
partnership.  What concrete steps can the ROK and Japan take to improve relations, 
particularly in maritime areas?”  A final study looks at the dilemma of strengthening 
US-ROK deterrence while minimizing risks of conflict escalation in the maritime realm.  
The context for this includes recent NK provocations, changes in ROK declaratory 
deterrence policy, and renewed ROK interest in tactical nuclear weapons.  
Given the hiring freeze at NPS, several portions of the study will not be completed (the 
first and fourth, and potentially the fifth) due to faculty shortages.  The findings of the 
third are summarized below.  The second remains in preliminary, data gathering stage 
only.  Given shifting language away from ASB at the Pentagon, and difficulties in 
extending the timeline of the study, a narrower focus on Chinese views may be the 
primary result.   
Findings and Conclusions:  The space study is essentially complete and has been 
briefed to OPNAV, OSD-Policy, State, and the NSC (see next page for full schedule).  We 
are looking forward to briefing it at PACFLT and PACOM in the summer.  The study was 
conducted by a team of students and faculty from the Space Systems and National 
Security Affairs departments at the Naval Postgraduate School, as part of the Naval 
Research Program (under OPNAV sponsorship). 
Rather than blithely ignoring the problem or simply assuming the worst, the study 
examined adversarial counter-space capabilities challenging U.S. space superiority and 
identified mitigation measures that can be implemented with existing 
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capabilities.  These can improve resiliency of DoD space-enabled operations in 
contested environments in East Asia scenarios.   
Classified analytic tools and simple modeling was done and is available via JWICS. 
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N4:  Material Readiness & Logistics 
Evaluating the Financial Effectiveness of Recruiting 
Investments in Marketing and Advertising 
Researchers:  Robert J. Eger III, Amilcar Menichini 
Student:  Capt David Anderson, Capt Kenneth Conover and Capt. Edwin Santibanez 
Purpose/Objectives:   We propose a methodology and model that captures both the 
objective (e.g. contracts, enlistments) and subjective (e.g. awareness, brand identity, 
image, leads) outcomes associated with Marketing and Advertising in support of all 
recruiting mission areas. 
Accomplishments:  We have completed the literature review, had conference calls 
with the POC regarding data access, have now begun data collection. Completion of 
the data collection and analysis will be accomplished in June 2015.  We have 
encountered and mitigated data issues and changes in student assistance. We have 
now engaged three thesis students to assist us with the project.  We have completed 
the model and are proceeding with data collection. 
Our literature review findings include that some practitioners and academicians argue 
that the standard market response models do not capture the whole range of effects 
of advertising, since they do not consider the intermediate effects. Vakratsas and 
Ambler (1999) bring together taxonomies of models to describe how advertising 
works in a more comprehensive way.  Their research attempts to classify the effects of 
advertising through seven different models: Market Response, Cognitive Information, 
Pure Affect, Persuasive Hierarchy, Low-Involvement Hierarchy, Integrative, and 
Hierarchy-Free. Advertising does not only produce direct effects on consumer 
behavior (e.g., sales, product choice, etc.) but also intermediate effects such as 
cognition, affect, and experience.   
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Figure 1 
We are pursuing this model  
structure to help us identify  
metrics to measure returns on  
advertising, focusing on the  
consumer cognition, affect, and  
experience to assist us in measuring  





Milestones and Deliverables: 
ITEM DELIVERABLE / EVENT DUE BY 
1 
Literature Review: Review of 
journals and past research, 
development of framework, 
and other. 
Complete 
2 Quarterly IPR #1 Complete 
3 
Module Development: 
Develop weighting structures, 
develop model 
Model developed 
and agreed to 
with Sponsor.  
Data is in process 
and due 
5/31/2015 
4 Quarterly IPR #2 Completed 
5 Empirical Assessment 6/30/2015 
6 Quarterly IPR #3 6/30/2015 
7 
Report and Brief: Finalize 
report, final presentation. 
7/31/2015 
Advertising Input: 
Message Content, media scheduling, 
repetition 
Consumer Behavior: 
Choice, consumption, loyalty, habit, 
and so forth 
Filters: 




  Affect Experience 
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Findings and Conclusions:  We have none to report at this time; however we note that 
we are progressing on the project.   
Recommendations:  Not applicable at this point. 
CVN Speed of Advance 
Researchers:  Alan Howard, Daniel Nussbaum and Brandon Naylor 
Student:  LT Korban Blackburn 
Background:  The goal of this project is to make recommendations to battlegroup 
commanding officers regarding ways in which they can save fuel during transits in 
order to increase how long the group can remain on-station before needing to refuel 
and to help meet the Navy’s financial goals in coming years. This project was proposed 
after the observation was made that CVN captains commanding a group will often set 
transit speeds at the highest speed that the group can maintain. Although the Carrier 
(nuclear powered) does not have to worry about its fuel efficiency, these high speeds 
are drastically inefficient for the ships (diesel powered) with which they are transiting.   
Process:  This project makes use of the Fuel Usage Study Extended Demonstration 
(FUSED) modeling tool. FUSED allows the user to build multiple battlegroups and 
build a schedule for each group composed of transits and operations where the user 
can set parameters such as the time allowed for the transit or how much time during 
an operation will be spent launching and landing aircraft. The user can then set two 
different cases of universal parameters including things like whether groups make use 
of the Transit Fuel Planner (TFP) or if groups are allowed to shut down their engines 
and drift when on stand-by. FUSED will then run through the set schedule to calculate 
approximately how much fuel each battlegroup will use for the two different cases, 
providing an effective comparison of how different policies effect the fuel requirement 
of the fleet under different circumstances. 
In order to accurately model this project’s problem within FUSED, the PI is conducting 
interviews with people who are familiar with battlegroup operating procedures and 
how a commanding officer selects the speed at which his group will transit. This 
knowledge is helpful in configuring FUSED and selecting model parameters that will 
give the best possible representation of the problem at hand.  
Findings and Conclusions:  At this point, it appears that the most effective way to save 
fuel during transits is to use the TFP or FUSED to determine the most efficient travel 
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speeds for a group. By using FUSED or the TFP to select transit speeds, it is possible to 
reduce engine fuel consumption by as much as 20%. Doing this would solve the issue 
of CVN captains selecting arbitrary high and inefficient speeds.  
Recommendations:  The proposed problem can be solved by providing commanding 
officers with a simple tool that determines the most efficient transit speeds for their 
group based on the transit distance, allotted time, and group composition. TFP is easy 
to use but only includes data for CGs. FUSED accounts for both CGs and DDGs and has 
options for planning drills, but has a much more complex interface. The ideal solution 
would be to develop a tool combining the intuitive interface of TFP but accounts for 
group composition. 
 
Removal of Plan of Intended Movement 
Researchers:  Alan Howard, Daniel Nussbau, and Brandon Naylor 
Background:  The Plan of Intended Movement (PIM) policy constrains groups to stay 
within a moving window during transit. The reasoning behind this policy is that as 
long as a group is within its moving window, it is possible to know the approximate 
location of all groups at all times. However, with today’s satellite communication and 
GPS technology, the PIM policy is unnecessary as the location of every ship is already 
known at all times. Removing the PIM policy would give groups in transit more 
freedom to travel at more efficient speeds since they are no longer constrained to 
staying within a moving window. The goal of this project is to model the potential fuel 
savings of removing or modifying the PIM policy. 
Process:  This project makes use of the Fuel Usage Study Extended Demonstration 
(FUSED) modeling tool. FUSED allows the user to build multiple battlegroups and 
build a schedule for each group composed of transits and operations where the user 
can set parameters such as the time allowed for the transit or how much time during 
an operation will be spent launching and landing aircraft. The user can then set two 
different cases of universal parameters including things like whether groups make use 
of the Transit Fuel Planner (TFP) or if groups are allowed to shut down their engines 
and drift when on stand-by. FUSED will then run through the set schedule to calculate 
approximately how much fuel each battlegroup will use for the two different cases, 
providing an effective comparison of how different policies effect the fuel requirement 
of the fleet under different circumstances. 
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FUSED will be used to model a variety of transits to evaluate the effects of removing 
the PIM window or varying other parameters such as the size of the window or how 
long a group spends returning to the center of the window after drills. FUSED will 
determine the amount of fuel used in each case to determine which policies result in 
the best fuel economy. 
Findings and Conclusions:  In the preliminary test, removing the PIM policy reduces 
engine fuel usage in transits by about 3%, but this changes drastically when you 
change how long a group spends returning to the center of the window after drills. If 
groups are only allowed a few hours to return to the center of the moving window 
after drills, the difference in fuel usage can be as high as 18%. 
Recommendations:  PIM’s effect on fuel economy varies greatly depending on how a 
captain chooses to maneuver within the window. Removing PIM would produce some 
marginal benefits to fuel efficiency, but other options such as implementing the TFP 
would be much more beneficial. 
 
Energy Management Systems to Reduce Electrical 
Energy Consumption 
Researchers:  Alexander Julian 
Background:  Energy savings and energy efficiency have become top priorities all 
around the world, stimulated by the Kyoto protocol and other pressing needs to 
reduce fossil fuel consumption.  In particular, in the United States, the Department of 
the Navy (DON) has listed its shore energy goals to include a 50% ‘ashore energy’ 
consumption reduction by 2020 [1]. Additionally, energy security is a necessity for all 
DON installations.  Shore energy security for the US Navy is “the mitigation of 
vulnerabilities related to the electrical grid, including outages from natural disaster, 
accident and physical and cyber attack” [1].  Therefore reducing energy consumption 
must be accomplished while keeping critical electrical loads serviced at all times.  
Process:  The hardware demonstrations in the lab allow us to quantify the capabilities 
and limitations of electrical circuits to achieve performance requirements.  The 
software algorithms are also an important part of the circuit design.  All of the control 
is accomplished using digital signal processing.  These results can be helpful to explain 
to vendors what hardware/software capabilities are important to the Navy so that the 
products that the Navy procures are more tailored to its needs. 
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Findings and Conclusions:  The physical layer has been assembled and is being 
debugged.  The circuit topology is shown in Figure 1.  Several debugging milestones 
have been achieved.  The A/D converters have been calibrated.  The digital data 
acquisition system has been expanded to record four channels of data simultaneously. 
The overcurrent protection features of the integrated circuits have been tested. 
Climate Change Effects on Navy Island Bases 
Researchers:  Tom Murphree and Arlene Guest 
Background:  The effects of climate change on Navy island bases are on-going and are 
likely to be substantial over the next several decades.  These effects occur due to 
changes sea level, storm activity, and other environmental factors that affect critical 
infrastructures (e.g., command and control, fuel, power generation, transportation, 
water resource, sanitation, and other facilities).  In our study, we are identifying and 
assessing the macro-level effects of climate change on four Navy fleet concentration 
island bases: Joint Base Pearl Harbor-Hickam (JBPHH), Guam, Diego Garcia, and 
Okinawa to assist the Naval Facilities Engineering Command (NAVFAC) in planning for 
these bases.   
Our focus is on: 
1. determining the vulnerability of these bases 
2. identifying approaches for assessing and managing the risks to the bases 
Our approach emphasizes:  
1. quantifying relationships between specific aspects of climate change and their 
effects on critical infrastructure components and operations 
2. quantifying the uncertainties associated with projections of climate changes and 
their operational impacts 
3. identifying methods for improving Navy planning for climate change 
We are leveraging prior and on-going studies, and will exploit existing and recently 
developed data sets and analysis methods.  We are working with NAVFAC to ensure 
that our study results are directly applicable to NAVFAC planning processes and 
operations.   
Objectives:  The specific objectives for this study are to: 
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1. Identify and assess the macro-level effects of climate change on four Navy fleet 
concentration island bases: Joint Base Pearl Harbor-Hickam (JBPHH), Guam, Diego 
Garcia, and Okinawa.  These macro-level effects will include those associated with 
sea level rise (SLR) and changes in storm activity (e.g., changes in storm frequency, 
tracks, intensities), and associated effects on storm surge, inundation, flooding, 
and impacts on water resources (e.g., salt water intrusion, depletion of aquifers, 
etc.).  
2. Review and synthesize relevant prior and on-going climate change studies, 
especially those with a DOD or Navy focus (e.g., SERDP 2013, 2014 a-d; USACE 2013 
a-b).   
3. Conduct analyses of relevant data sets (e.g., climate, water resource, base 
management data sets) to identify base-specific spatial and temporal patterns and 
processes.   
4. Develop macro-level descriptions of the effects of climate change on the four 
island bases that have occurred and are most likely to occur over the next several 
decades, including assessments of associated uncertainties.   
5. Provide recommendations, including recommendations for follow-on studies to: 
a. Address specific issues and concerns for existing shore infrastructure 
b. Improve NAVFAC processes for future design and construction 
6. Deliver to NAVFAC: 
a. Final study report that summarizes are data, methods, and results 
b. Associated data sets, software, applications, other tools, and documentation 
Approach:  Our overall approach for meeting the objectives is to: 
1. Review and synthesize prior and on-going studies 
2. Coordinate and collaborate with other climate change efforts (e.g., at Navy Climate 
Change Coordination Office [CCCO], SERDP, Office of Naval Research [ONR], 
USACE, etc.)   
3. Interact with NAVFAC (and potentially other organizations) to: 
a. Collect data and other information on infrastructure planning and operations 
(e.g., information on the types and formats of environmental information used 
in planning and operations, major environmental thresholds for planning and 
operating critical infrastructures, etc.) 
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b. Develop summary of how climate information is used in infrastructure 
planning and operations 
c. Develop summary of how climate change projections are used, or are likely to 
be used, in long range planning 
4. Collect relevant climate data sets and related planning and operations data sets, 
including retrospective data sets and outputs from long term projections 
 
5. Conduct macro-level analysis of the data sets, especially to:  
a. Statistically and dynamically characterize spatial and temporal patterns and 
processes 
b. Determine relationships between climate variables and factors affecting 
infrastructure planning and operations 
c. Assess the potential for reaching major thresholds for critical infrastructure 
planning and operations  
6. Develop recommendations for changes in Navy approach to addressing climate 
change effects on island bases and for future studies 
7. Report preliminary results to NAVFAC and others to receive feedback and identify 
potential changes in our study approach 
8. Report final results and recommendations to NAVFAC 
Initial Results:  We have conducted initial investigations of each island base and held 
discussions with NAVFAC to review our initial results and refine our plans.  This has led 
to the identification of the following environmental factors and operational impacts 
for which climate change is most likely to be important for the island bases from a 
NAVFAC perspective. 
Environmental Factors 
1. Sea level rise (SLR) and related factors (including inundation, storm surge, coastal 
waves, flooding, etc.) 
2. Tropical cyclones and other storms (including TC/storm numbers, tracks, 
intensities, etc.) 
3. Precipitation (including intensity, flooding, drought) 
4. Winds (including changes in wind speed and direction) 
5. Salt water intrusion 
        Naval Research Program 
Naval Postgraduate School 
6. Erosion (coastal and inland)  
7. Sedimentation 
8. Loss of land and loss of land uses 
9. Water quality (fresh and salt water) 
10. Clouds and insolation (sunlight received at surface) 
11. Other atmospheric factors, for example: air temperature, humidity, clouds, etc.) 
12. Other ocean changes, for example: circulation changes and associated changes in 
ocean temperature, SLR, precipitation, storms 
13. Other land changes, for example: subsidence, rising of land  
Operational Impacts 
1. Impacts of environmental factors on existing / planned infrastructure and 
operations: 
a. coastal structures (e.g., buildings, cranes, piers, pipelines, roads, etc.) 
b. water supply systems 
c. HVAC systems 
d. waste water / sewage systems 
e. conventional and renewable / alternative energy systems  
f. roads and ground surface transportation 
g. port operations (e.g., pier side ops, harbor movements, dredging, etc.) 
h. airfields and airfield operations 
i. operational impacts of the loss of land and of uses of land 
j. corrosion (e.g., changes in corrosion as environmental conditions change) 
2. Impacts on planning and management processes --- for example, changes to 
processes to better account for the characteristics of: 
a. climate changes (e.g., the multi-decadal character of some changes, the 
episodic character of other changes, the uncertainties associated with 
projections of these changes, etc.) 
b. operational impacts of climate change (e.g., the multi-decadal character of 
many impacts, the episodic character of other impacts, the uncertainties 
associated with projections of these impacts, optimal formats for inputs to, and 
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outputs from, planning and management processes, risk management 
approaches best suited for dealing with climate change impacts, changes to 
decision time scales and methods, etc.) 
Through our discussions with NAVFAC, we have decided to focus on the first set of 
operational impacts (item 1 in the list just above) and to address the second set of 
operational impacts (item 2 in the list just above) later in this project or in a follow-on 
project. 
Sample Initial Results:  Some sample initial results from our investigations of 
environmental factors are listed and shown in the figures below. 
Guam Environmental Factors 
• Overall, relatively few areas appear to be vulnerable to simple sea level rise.  But 
some key areas could be vulnerable. 
• Guam is located within a major region for tropical cyclones and could be 
significantly affected by long term changes in tropical cyclone activity. 
• Coral reefs protect the island and may be vulnerable to long term rises in ocean 
temperatures and ocean acidification. 
• The fresh water supply is primarily from rainfall, and thus is vulnerable to long term 
changes in precipitation patterns, and to shorter term climate variations (e.g., 
those associated with El Niño / La Niña). 
• There is a high uncertainty associated with long term changes in tropical cyclones 
and precipitation.  
 
Diego Garcia Environmental Factors 
• Sea level rise is estimated at 2.2 mm / year (Dunne et al., 2012).   
• Uplift is estimated at 0.6 mm/year +/- .28 mm/yr, which helps to offset the sea level 
rise. 
• Interannual variability in mean sea level (~10 cm) is greater than the seasonal 
variability or the trend in sea level. 
• This interannual variability is determined mainly by the Indian Ocean Dipole, a 
phenomenon analogous to El Niño / La Niña in which positive-negative dipoles in 
sea surface heights (and other environmental variables) develop across the tropical 
Indian Ocean. 
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• Only one typhoon has hit Diego Garcia in the past 30 years.  But the island is close 
to the climatological paths of tropical cyclones.  So there is a potential for long 
term changes in the tropical Indian Ocean to lead more tropical cyclones 
impacting Diego Garcia. 
• There are some indications that flooding and erosion may increase due to changes 
in winds, waves, and the degradation of the surrounding coral reefs (reefs are 
vulnerable to rising ocean temperatures and ocean acidification). 
 
Data Quality and Availability 
• GIS data quality and availability varies widely, with excellent quality and availability 
for Hawaii to little available for Okinawa and Diego Garcia (world elevation data is 
not precise enough).    
• Tide gauge and other data also are not available before 1988 for Diego Garcia, so 
long-term trends are not available. 
• There is a high level of uncertainty for key factors (e.g., long term changes in 
tropical cyclone numbers, paths, and intensities, precipitation patterns, etc.). 
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Questions for NAVFAC:  We have also identified several major questions, listed below, 
which we are addressing with NAVFAC personnel at the island bases and at NAVFAC 
headquarters.   
1. What climate changes and climate change impacts have you already observed at 
each island base, if any? 
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2. What climate changes and climate change impacts are you anticipating or are you 
especially concerned about at each island base, if any?  For example, do you 
suspect that some of the piers at base X are or would be vulnerable to a relatively 
small amount of sea level rise, or that the water supply system would be vulnerable 
to a relatively small amount of decline in rainfall, or that high winds and waves 
from stronger and more frequent tropical cyclones are already a problem for parts 
of the infrastructure, etc. 
3. Are you able to provide data or other information on the following? 
1. environmental factors  
2. operational impacts 
3. existing and planned base infrastructure 
4. planning and management processes 
5. related efforts by NAVFAC or others 
3. What additional sources of data or other information would you recommend we 
consider (e.g., from federal, state and local government agencies, universities, host 
nation agencies, etc.)?  For example, is there topographic / elevation data available 
locally --- for example, via coastal LiDAR surveys or other topographic surveys?   
4. For what NAVFAC planning processes (or other NAVFAC processes) would climate 
change information be most useful (e.g., long term infrastructure planning long 
term budgeting)?  What climate change information is needed for those 
processes?  In what format should that information be provided?  
5. What is NAVFAC doing now to deal with the impacts of climate change? 
6. What would you recommend that NAVFAC do to better deal with climate change 
impacts? 
7. Would you recommend visiting one or more of the bases or other locations?  
Potential reasons for visiting include: 
a. collect data and other information on local issues (e.g., environmental, 
infrastructure, planning, management factors)  
b. meet with, and get inputs and feedback from, key people from NAVFAC or 
other organizations (e.g., other local experts) 
c. sit in on relevant meetings at the bases, NAVFAC HQ, or elsewhere 
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Developing a Paradigm for High Energy Density 
Capacitive Energy Storage 
Researchers:  Jonathan Phillips 
Student: LT Natalie Jenkins, USN and LCDR Jonathan Gandy, USN 
Background:  First generation super dielectric materials (SDMs), discovered in our lab, 
are multi-material mixtures with dielectric constants greater than 105, composed of a 
porous electrically insulating powders filled with a polarizable, ion-containing liquid.  
This project is focused on optimizing a more practical second generation SDM (TSDM). 
These are anodic titania nanotube arrays filled with concentrated aqueous salt 
solutions.  In our lab ‘early’ TSDM (prior to project initiation) were formed with 
dielectric constants greater than 107, a maximum operating voltage of greater than 2 
volts and remarkable energy density, greater than 200 J/cm3 of dielectric, a value that 
surpasses the highest previously reported for dielectric based capacitors by 
approximately one order of magnitude.   
Progress/Findings:  In the four months since the project was initiated we have reached 
four significant milestones. First, we filed utility patents for both 1st and 2nd generation 
SDM. Second, we developed a standard protocol for producing TSDM based on 
anodized titania with energy densities greater than 600 J/cm3.  This material is ready 
for publication.  Third, we demonstrated that high energy density TSDM can be 
produced using alumina rather than titania.  Fourth, we demonstrated that fumed 
silica filled to incipient wetness with an aqueous solution containing dissolved salts 
has a remarkable dielectric constant, >1011.  
Two of these developments have significant implications for the USNavy.  The 
development of a standard protocol for producing TSDM with energy density >600 
J/cm3 is important as it nearly matches the theoretical maximum energy density (~750 
J/cm3) of graphene based ‘supercapacitors’ at a far lower cost. It is also the best value 
ever reported by 2X, even for prototype capacitors. Moreover; the finding that fumed 
silica/aqueous salt SDM have the highest dielectric constants ever reported also 
suggests a path forward toward practical high energy density electrical energy 
storage.  Projecting the dielectric constant to a 10 micron dielectric layer, certainly a 
value that can be achieved with fumed silica, yields a capacitor with an energy density 
of 10,000 J/cm3, far exceeding even lithium ion batteries (~3000 J/cm3).  
Recommendations:  The PI and students will continue on the path described in the 
original proposal.  In particular we will focus on increasing the physical size of the 
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prototype capacitors, further developing a protocol for readily producing capacitors 
with energy density greater than 1000 J/cm3, and further understanding the behavior 
of anodized alumina based TSDM.  
 
CAD Interoperability for Navy Reuse in X3D Printing, 
Maintenance and Training 
Researchers:  Amela Sadagic, Don Brutzman 
Background:   Preventive and corrective maintenance of mechanical components on 
Navy ships and aircrafts is a complex task that can have major impacts on operational 
readiness. In situation when a component needs to be delivered to a remote team (an 
off shore installation or ship), the final cost of transit and delivery can be further 
exacerbated if newly received component is confirmed not to be adequate, leading to 
a new iteration of physical delivery. This results in extreme and unplanned costs of the 
overall mission. We propose to design and test maintenance workflow that utilize the 
emerging capabilities of novel technologies like 3D scanning, 3D printing and 
stereoscopic display, ensuring that only fully tested physical components will ever be 
shipped to remote unit. This process can be seen as a virtualization of corrective 
procedures, where instead of physical components, local and remote teams exchange 
a set of virtual artifacts, test mock-up objects and resort to final delivery only when 
they are sure the new component is a perfect fit. This delayed and in-time 
manufacturing and transit, fully supporting the concept of smart manufacturing grid, 
represent the essence of policy that has energy savings at its core. The benefits of this 
approach will be directly applicable to many other segments of DoD and civilian 
domains. 
Process:  The account for our project effort became operational on 03/19/2015, which 
allowed us to start research efforts in support of the project objectives. Our team 
completed following activities during this period: 
1. Conducted market research for both 3D printers and 3D scanners capable of 
supporting projected laboratory and field testing of maintenance workflow 
augmented with novel technologies. 
2. Created documentation necessary for purchasing the equipment and software 
needed for project work, and initiated purchasing process. The value of hardware 
and software components was $17K, which was slightly less then our original 
estimate. 
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3. We had several meetings and demonstrations with CDR Karen Dallas during her 
visit to Monterey in support of NPS Naval Research Program event. 
4. Conducted a series of consultation sessions with the office of Topic Sponsor (CAPT 
Futcher, Mr. David Barrett), colleagues from SPAWAR, NAVFAC, NPS Center for 
Asymmetric Warfare and other NPS colleagues. 
5. Initiated travel request for attendance in Web3D conference and field trip to San 
Diego where we are expected to meet with a number of AM practitioners from 
SPAWAR, Port Hueneme and the Navy Shipyard. We further hope to take a tour of 
AM capabilities and machine shops on USS ESSEX (when back in port) and sister 
ship USS BOXER. 
6. We made inquiries to visit local USCGC HAWKSBILL to observe their 
preventative/corrective maintenance actions.  
7. Initiated research of domain literature (academic papers and web articles), 
companies with businesses directed towards different segment of AM domain, 
forums, groups and events organized for both academia and practitioners of AM 
domain. 
8. Initiated the effort of cataloging the use of AM within NPS, and identified the 
colleagues and research efforts that have been using AM capabilities. We have 
begun planning NPS portal forum for 3D printing and AM. 
9. Created two draft papers and submitted a PhD project poster to the Web3D 
conference: 
 
a. "X3D Modeling of a Historical Building:  San Carlos Cathedral Case Study, by 
Michele Foti and Don Brutzman.  
b. "X3D Distributed Interactive Simulation (DIS) Implementation and Run-Time 
Discovery of New Entities using X3DOM" by Don McGregor, Byron Harder and 
Don Brutzman. 
c. "Matlab and Simulink Creation and Animation of X3D in Web-Based 
Simulation" by Major YuanPin (Ben) Cheng TW and Don Brutzman. 
 
Findings and Conclusions:  6 weeks into the project we are finding that all principles, 
assumptions and opportunities for the Navy outlined in this project are valid and 
continue to be worth exploring. All planned activities needed in support of the next 
phase of our project work, have been completed, and the acquisition of needed test 
infrastructure has been initiated. 
 
Recommendations:  We look forward to scheduling additional meetings with the 
sponsor, Navy partners and other organizations in the pursuit of this work to ensure 
that we are aligning with project-office goals.  
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N8:  Integration of Capabilities & Resources 
Developing Synthetic Theater Operations Research 
Model (STORM) Analytic Utility, Phase II 
Researchers:  Tom Lucas, Mary McDonald, Paul Sanchez, Susan Sanchez, and Steve 
Upton 
Background:   The Assessment Division, Navy Headquarters Staff (OPNAV N81) uses the 
Synthetic Theater Operations Research Model (STORM) to understand risk in an 
integrated, campaign setting.  Ultimately, analyses performed with STORM inform the 
decisions made by the Navy for future resources.  STORM is a complex, campaign-level 
simulation whose scenarios contain hundreds of entities and tens-of-thousands of 
interactions over a simulated multi-week campaign.  Building on the Phase I effort, this 
year’s Phase II effort is continuing to develop new post-processing and analysis 
capabilities for STORM to facilitate analysts’ quickly obtaining insights from a set of 
replications. 
Process and Research Objectives:  The primary objective of the Phase II effort is to 
assess and transform the prototype tools developed for Phase I into products that are 
valuable contributors to N81 studies.  This requires implementing feedback from 
STORM analysts, extensive testing of the new software, assessing the potential 
benefits in obtaining insights, and determining the computation required (i.e., 
processing capabilities as well as timing).  We are accomplishing this by working with 
N81 using an existing, classified scenario—as well as meeting with others in the 
broader STORM community.  To assist in transitioning the new capabilities to N81 and 
other STORM users, we have been regularly assisting N81, as well as briefing the new 
capabilities to interested parties. 
Findings and Conclusions:  This research continues in an iterative fashion of 
developing, testing, using, and sharing the new tools.  We have completed work on 
the next prototype version of STORMMiner, v0.9.  Its capabilities now include new 
metrics in the metrics matrix, integrated resource heatmaps and casualty locations 
heatmaps by period, an integrated outlier dashboard, cleaned up versions of the 
statistical summary graphics, and a new confidence interval table on the quicklook 
dashboard.  We are also continuing to streamline the code and exploring the use of 
the shiny R package (http://shiny.rstudio.com) as a front-end GUI and visualization 
platform.  Of course, all software developed will be provided to the Navy, as well as 
instruction in how to use it.  In addition, we are reviewing STORM’s C2 plan grammar 
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so that we can extract the naval C2 plans from input files and use a graph structure for 
visualizing which part of the plan graph was activated and which conditions 
supported that activation.  Progress has been assessed by regular visits to N81, as well 
as meetings with AF A9, METRON, and SPA analysts, to discuss their STORM tools and 
possible areas for further collaboration. 
Recommendations:  This project’s results are currently being used by OPNAV N81 
staff—in partnership with SEED Center researchers—to provide quantitative military 
assessment of a classified scenario in support of Navy leadership.  We will also prepare 
and deliver additional educational material on the new methods to N81 and the 
broader STORM community.  We will continue this iterative enhancement and 
education of STORM tools, as funding permits.  Potential follow-on work might 
leverage student-officers, teaming with N81, to apply the new tools in new studies. 
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N9:  Warfare Systems 
Analysis of Drug Trafficking Organization Behavior 
Researchers:  Michael Atkinson, Moshe Kress, and Roberto Szechtman 
Background:  One of USSOUTHCOM's primary missions is to disrupt the flow of drugs 
from Central and South America to the United States via the southern approaches. 
Drug Trafficking Organizations (DTOs) use both maritime and air conveyances and use 
a variety of vessel types to transport the drugs. USSOUTHCOM focuses on an area 
covering over 15 million square miles, and it has limited search and interdiction assets 
to effectively support the mission. We are working to develop and apply a 
methodology for estimating the flow of drugs and vessels out of South America. This 
information will provide insights to USSOUTHCOM on the relationship between force 
allocation and the effect on counter-drug operations.  
Process:  We have worked on this project for two months and have focused on the 
supply and demand dynamics to estimate the amount of drugs flowing out of South 
America.  Much research in this area has been done, which we will leverage in our 
work. We highlight one particularly useful study: RAND’s 2014 report to the Office of 
National Drug Control Policy entitled What America’s Users Spend on Illegal Drugs: 2000-
2010 presents thorough analysis of the supply and demand estimates.  The estimates 
for the flow of drugs out of South America can range from below 500 metric tons of 
cocaine per year to nearly 1500 metric tons. We plan to perform an in-depth analysis 
of these estimates to generate a more precise meta-estimate. 
Once we have a reasonable estimate for the flow of drugs, we will focus on estimating 
the number of DTO vessels on the water at any time. This estimation requires, as input, 
other parameters, such as the average drug load of each vessel. We may also produce 
an estimate for the number of vessels using another approach based on data about 
known smugglers. We received several years’ worth of data from the Consolidated 
Counterdrug Database (CCDB) from JIATF-S to aid in our study.   Estimating the 
number of vessels directly from the CCDB data poses a challenge because the 
available data is censored; the CCDB only records known vessels, but we must also 
account for unknown vessels to paint a complete picture.  
Findings and Conclusions:  We are still in the early stages of our analysis. These 
findings are subject to change as we proceed in our research. 
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1. At any given time there will be less than 30 DTO vessels on the water.  On average 
the number will be closer to 5-10. 
2. The estimates generated from the CCDB are larger than the estimates from other 
sources. 
The second observation is surprising because the CCDB is incomplete as it does not 
include vessels we have no intelligence about. This suggests the CCDB may double 
count vessels or include vessels that do not actually exist (e.g., based on bad 
intelligence).  
Recommendations:  We need to proceed further in the project before offering 
concrete recommendations. Our estimate for the number of DTOs vessels can inform 
the requirements and levels of USSOUTHCOM counter-drug assets. To improve the 
quality of the data (e.g, CCDB), USSOUTHCOM could consider a counting survey 
operation that would flood an area with detection assets (e.g., UAVs, sonobuoys) to 
generate an accurate count of the number of DTO vessels. This could provide valuable 
long-term strategic insight, even if we interdict very few of the vessels during the 
operation. 
 
Atmospheric Characterization of the Marine Base 
Layer for a Submarine Based High Energy Laser  
Researchers:  Joseph Blau, Keith Cohn, and William Colson  
Student: ENS Roberto Torrealba 
Background:  The US Navy is developing lasers for surface and helicopter platforms to 
combat airborne and surface maritime threats. While these efforts mature, the Division 
of Undersea Warfare (OPNAV N97) is investigating the feasibility of implementing an 
HEL system on Virginia Class Submarine (VCS) BLK V platforms and beyond. An 
important aspect of this research is that the results can be used to develop Concepts 
of Operations (CONOPS) for this potential capability. These CONOPS will be informed 
by the limitations of HEL systems imposed by the physical environment. This study 
seeks to characterize the relevant atmospheric propagation phenomena at the marine 
base layer (ocean surface up to 15 feet) for the purposes of estimating laser 
performance. This, in turn, will inform CONOPS for employment of a 30-50 kW HEL 
weapon from a submarine. 
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Process:  We have developed a fast and flexible code called ANCHOR that models the 
performance of HEL weapons in a variety of weather conditions. This code allows us to 
rapidly sample millions of different kinds of weather conditions and engagement 
scenarios. We are also collaborating with Paul Frederickson (Department of 
Meteorology), an expert on marine boundary layer turbulence, to characterize the 
atmosphere near the surface. 
Findings and Conclusions:  Preliminary results indicate that a 30 kW HEL weapon 
emitted from a 15 cm diameter beam director with typical weather and laser 
parameters will be effective out to about 2 km. This is based upon estimates of the 
beam quality of the laser, platform jitter, and damage threshold for the target. The 
effective range depends on target altitude, as indicated in the figure on the right. 
Recommendations:  The results from this study should be used to evaluate the viability 
of an HEL on a submarine platform and develop tactics regarding how HELs can be 
utilized in various weather conditions. 
 
Traceability of Funding Lifecycle 
Researchers:  Gary Langford  
Background:  Naval Operations for Warfare Systems (OPNAV N9) wants to gain 
adequate visibility and traceability of maintenance and operational funds from the 
Program Objectives Memorandum (POM) and DOD’s Sustainable Procurement 
Program (SPP) build through execution. The issue with the current models that are 
used to develop requirement funding profiles and the articulation of intended use of 
the funds is that these models are not maintained or respected in execution or actual 
expenditures, and consequently, there is no reconciliation to the original model 
inputs. Aggregate workload and carryover (backlog) are tracked to inform Readiness 
metrics, but visibility on where the dollars went is lacking. A compounding issue is that 
different information systems are used for the Programming phase of the Planning, 
Programming, Budgeting, and Execution [process] (PPBE) cycle than are used for funds 
execution, in addition to having multiple activities involved in execution which have 
differing accounting systems and varying degrees of business- or competition-
sensitive data (e.g., man day rates, etc.). The problem is that this lack of traceability 
potentially masks inaccuracies in the models used to generate the requirement, which 
could lead to inability to identify cost drivers in sufficient time to address in the 
subsequent POM cycle, which in turn, creates an operational gap in fulfilling mission 
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requirements. The purpose of this research is to develop measures of effectiveness 
(MOEs) that reflect the various stakeholder perspectives, to provide the requisite force 
structure, tools, and techniques to determine the level of assurance that objectives will 
be met. The goal of this research is to manage and to improve the fidelity of the 
lifecycle model and its analyses for sustainment and operations. The integration of 
sustainment strategy with necessary traceability and transparency will provide better 
assurance through full system of systems integration. The emphasis for this research is 
on developing a standardized framework from which repeatable, reliable MOEs can be 
attributed to compliance and traceability activities. Specifically, the underlying 
narrative of an MOE is to determine the greatest benefit from acquisitions at the 
execution cost. Compliance with Federal regulations and traceability to motivate 
compliance are the two central themes of this research. 
Process:  This is the first phase of work on traceability of the funding lifecycle. The 
initial phase was to validate the methods the General Theory of Systems Integration 
within the context of MOEs. The research is planned to follow in concert with a 
systems approach with quantitative evaluation through loss functions that capture the 
range of acceptability for compliance and traceability. The meaning of less than 100% 
compliance and traceability with regards to efficacy of executing tasks is the central 
focus of this formative work. This focus provides the structure for an error analysis that 
will be used throughout the work effort. The basic tasks that guided this first phase are 
indicated below: 
• Map existing evaluation and compliance requirements for lifecycle phases, e.g., 
acquisition, development, operations, and maintenance to the necessary 
information (specific inputs) and needs of N9I to facilitate transparency and 
traceability for stewardship of funds, uses, and results. 
• Determine the reporting and data requirements (including reliability and accuracy 
to perform error analyses) and then tailor the preliminary model outputs to 
capture the lifecycle issues for maintenance (operations).  
• Estimate the impacts on managing for results based on providing guidance for 
better results, identifying priorities for requirements, making tradeoffs for resource 
allocation, and governing based on affordability. The overall aim is twofold: (1) 
improve disposition and use of funds and (2) articulate a systematic approach for 
developing measures of effectiveness that are based on an institutionalized 
quantitative methodology that leads to higher levels of traceability of 
maintenance work and funds (and operations).  
Findings and Conclusions:  The first phase of the research has centered on a common 
structure framework of objects and processes to capture the various stakeholder 
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perspectives. The stakeholder perspectives will pose the various views of compliance 
and traceability from which the context for MOEs will be developed and codified. The 
foundational role of MOEs posited as the basic “currency” of compliance and 
traceability was vetted against the General Theory of Integration through formal 
representation of predicate calculus and notional views graphed as loss functions. The 
key determination was that the shape factor that shapes the form of the loss functions 
has three characteristics. First, there is a factor of “trust” (or conversely, “risk”); second, 
the factor of functional performance provides a convenient set of quantifiable 
observables that can be monitored and assessed; and third, the factor of verifying that 
processes are enacted (or not) can be monitored also. In essence, the work 
accomplished to date provides the basis for selecting a process thread that follows the 
flow of money and information through its lifecycle.   
Recommendations:  Following the proposed set of tasks, the next step is to build a 
stakeholder context diagram that shows the flow of information and money. From 
that flow, the basic interactions with compliance and traceability factors will be 
determine and described. 
 
Analysis of Pricing Models in the Defense Industry to 
Support Cost Projections 
Researchers:  Kyle Lin, and Dashi Singham  
Background:  Because developing a new weapon system involves advanced 
technology pertinent to national security, the pricing of such systems primarily relies 
on cost estimation, as opposed to basic economic principles such as supply and 
demand.  During the R&D period—which can take up to several years—however, the 
research may hit a roadblock and the various costs may change.  As a consequence, 
such projects are often subject to substantial delays and cost overrun. 
This project will develop a mathematical model for the interaction among 
stakeholders in the defense industry, including the government and major defense 
contractors.  The goal is to identify market mechanism to improve the efficiency of the 
contracting process. These mechanisms could improve the cost estimation process or 
contracting structure to better manage risk. 
Process:  We developed a mathematical model to describe the interaction between 
the US Government and contractors in the defense industry, when the US Government 
wants to develop a new weapon system.  The mathematical model incorporates 
random processes, game theory, and optimal decision making.  We already have a 
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prototype of the mathematical model, and are working to make the model more 
practically relevant.  In particular, we will use the notional data provided by the 
sponsor to calibrate our model parameters. 
Findings and Conclusions:  In our model, to develop a new weapon system, the 
government initially can fund several parallel projects, and later decide which projects 
to keep and which to kill.  Keeping a project is expensive, but allows the government 
to learn more about the project’s design and potential.  Having parallel projects 
running also motivates each contractor to work harder in order to improve the chance 
that its project will receive continual funding, and the chance of eventual selection. 
Recommendations:  We will continue to analyze the model, and work with the topic 
sponsor to improve it. The research goal is twofold: (1) Explain why the development 
and manufacturing of advanced weapon systems are often subject to program cost 
increases and delays; and (2) Identify market mechanisms to improve the efficiency of 
the bidding and contracting process in order to better manage risk.  The 
recommendation from this study has the potential to save the government a 
substantial amount of money. 
 
Representing Uncertainty of Hierarchical and 
Response Surface Models to Improve Design of 
Experiments 
Researchers:  Tom Lucas, Paul Sanchez, Tom Hamrick, David Kelton, Mary McDonald, 
and Steve Upton 
Student:  LT Russell Pav  
Problem Statement:  The Navy uses families of models of varying detail and focus to 
analyze forces and operational concepts.  The information gleaned from these model-
supported studies helps shape what the future Navy will look like and how it will fight.  
The current practice in the higher-to-lower-fidelity sequence of modeling is to use 
point estimates of more focused higher-fidelity model outputs as the inputs for the 
broader lower-fidelity models.  It is vitally important to understand how these lower-
level model errors are propagated through the series of models and how decisions are 
affected as a result.  This research is reviewing previous efforts related to propagating 
errors in hierarchical models, empirically exploring the impacts of multiple 
approaches, and providing recommendations on extending and applying the 
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methods—which will include uncertainty analysis, design of experiments (DOE), and 
preferred metamodel forms.   
Process and Research Objective:  The primary objective of this effort is to assess 
existing approaches for propagating errors in hierarchical combat models and 
recommend what the Navy should use in future studies.  In particular, we want to 
empirically quantify how accurate various error propagation approaches are in 
estimating campaign-level measures and the variability associated with them.  
Through extensive experimentation, we will evaluate the effectiveness of various DOE 
techniques and metamodel forms in capturing and propagating errors in an ASW 
model hierarchy.  We will determine if the classic assumptions are appropriate for the 
models and scenarios the Navy is using—and, if not, how robust the various 
approaches are to departures from the assumptions.   
Ongoing Progress and Findings:  Our analysis is focusing on a scenario in the South 
China Sea around 10 years in the future.  Specifically, we will analyze the error 
propagation methodologies in the assault phase of the U.S. attempting to break a 
hostile submarine screen to gain access to the South China Sea.  Our low-resolution 
campaign model is an already completed numerical implementation of a networked 
heterogeneous stochastic Lanchester model and salvo equations.  Our primary MOE is 
the percent of time that U.S. forces can sufficiently attrite all threat undersea forces.  
Our mission-level simulation is under construction in the agent-based, time-step 
simulation environment Map Aware Non-uniform Automata (MANA).  The MANA runs 
will provide distributions of outcomes (e.g., probability of detect, time to detect, Prob 
of kill | detection, etc.) for a variety of ASW performance measures.  Once we have the 
family of models built and the data collected, we can choose factors to vary, and their 
ranges, as well as specific output measures. We can then run the models a large 
number of times to develop an accurate estimate of “ground truth.”  Given that, we 
will look at a host of error propagation (e.g., mean, bootstrap, bootstrap with 
synchronization, etc.) and metamodel approaches to quantitatively assess how well 
they do. 
Recommendations:  This project’s results will be used by OPNAV staff and others in the 
Navy to help shape what the future Navy looks like and how it will fight.  While we are 
still in early stages, we plan to be able to advise on how well multiple DOE and error 
propagation techniques work in estimating campaign-level measures and the 
associated uncertainties.   
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Integration of a High Energy Laser into the Virginia 
Class Submarine 
Researchers:  Douglas Nelson, Robert Harney, Gary Langford, Fotis Papoulias, Ronald 
Giachetti, and Mark Stevens    
Student:  LT Patrick Stone 
Background: The Division of Undersea Warfare (OPNAV N97) wants to investigate the 
feasibility of installing a HEL system on Virginia Class Submarine (VCS) BLK V platforms 
and beyond.  One of the primary challenges of VCS HEL implementation is working 
within the confines of the VCS physical architecture.  Other challenges common to all 
maritime platforms are mitigating the effect of the ambient environment including 
sea state, atmospheric optical turbulence and atmospheric transmission.  In addition, 
the system will require innovative design and implementation to operate effectively 
with other combat systems while also being properly integrated with other submarine 
systems.  A key requirement will be the ability for the system to engage threats from 
the surface. 
Process and Research Objectives 
• Define the mission through user input, context definition, identification of 
constraints including propagation effects (e.g. atmospheric optical turbulence), 
concept of operations and scenario generation. 
• Analyze the mission through mission functional/timeline analyses, generating a 
design reference mission, operations analyses and performance requirements 
definition. 
• Establish or validate system level requirements through system functional and 
timeline analyses including functional allocation. 
• Synthesize concepts by identifying alternatives, assessing technology, generation 
of schematic block diagrams and selection of major alternative system suites. 
• Evaluate concepts through selection of measures of performance/effectiveness, 
trade studies, performance analyses, cost-effectiveness analyses and selection of 
preferred alternatives. 
• Refine the concept architecture, integration concept, preliminary system layout 
and concept of operations with documentation of decisions. 
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Findings and Conclusions:  The SE team conducted an IPR with N97 Sponsors on 13 
April 2015.  The HELSUB Team of Distance Learning cohorts 311-124O, 311-124G and 
311-133O completed a Capstone on Integration of a High Energy Laser into a Future 
Class of Submarine.  This project included combat systems activities at a top level 
through concept synthesis with three candidate concepts for integration.  LT Patrick 
Stone is beginning a more detailed mission definition and analysis having just 
received approval on his thesis proposal. Measurements of atmospheric optical 
turbulence over Lazer Bay on San Nicolas Island are ongoing with plans for 
measurements at lower heights. 
Recommendations:  More detailed study of candidate concepts is required upon 
completion of the LT Stone’s thesis work - coordinating with N97 for LT Stone’s 
stakeholder discussions.  In addition, refinements based on context information 
derived from improved propagation measurements will affect follow on synthesis. 
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ASN  (RDA):  Research, Development, and  
Acquisition 
 
Ballistic Missile Submarine Surface Transit Security 
Study 
Researchers:  Don Brutzman, Terry Norbreaten and LT Marlon Heron 
Abstract:  This research models, simulates, visualizes, analyzes, and evaluates security 
measures for ballistic missile submarine surface transit. The project continues and 
extends ongoing work that specifically established baseline capabilities for the 
visualization and security needs for a weapons handling operational area, using a 
standards-based extensible architecture and conceptual design that can be tailored 
for a wide variety of naval support activity locations. NPS researchers will perform an 
independent system of systems (SoS) capability & gap analysis that identify 
dependencies and potential limitations for the areas of interest. 
 
Primary focus is on detailed modeling and evaluation of transits to/from Naval Base 
Kitsap, building on site visits and work already in progress on waterfront security 
modeling. Site visits for other strategic ballistic missile submarine ports, in the U.S. and 
potentially abroad, will ensure that modeling techniques used for analyzing Kitsap 
transit approaches are directly adaptable to other sites of interest. 
 
This work will also consider conducting a crowd-sourcing inquiry among relevant 
personnel working in SSP commands using the Massive Multiplayer Online Wargame 
Leveraging the Internet (MMOWGLI) tool. 
 
Background:  This project has built a suite of tools that enable modeling, simulation 
and visualization of scenarios of interest to this project. Many components are linked 
together to build libraries of interest that can be repeatably used. 
•      Entity capabilities plus Tactics Techniques and Procedures (TTPs) are captured 
through Discrete Event Simulation (DES) models using Simkit and Viskit 
•      3D visualization models are created individually using X3D-Edit or converted from 
other sources, with a suite of X3D Quality Assurance (QA) tools applied to ensure 
correctness. 
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•      Metadata is used throughout in order to enable customization, adaptable reuse, 
and strict accountability of asset pedigree. The Savage Modeling and Analysis 
Language (SMAL) defines these capabilities. 
•      Scenarios are designed and assembled using SavageStudio in concert with all 
other tools.  
 
All tools are developed and maintained by NPS MOVES personnel, frequently utilizing 
other open-source libraries and occasionally benefitting from open-source 
contributions by external contributing partners. We recently refactored the execution 
timeline for this project to finish all work during FY2015. 
 
All materials are maintained under version control for ready revision, either in open-
access or For Official Use Only (FOUO) libraries as appropriate. 
Meanwhile, additional potential sponsor benefits appear to be emerging. Related 
Naval Research Program (NRP) work on 3D printing for additive manufacturing (AM) 
may allow creation of a “sand table” using 3D-printed models to examine whether 
improved scenario planning and understanding is possible. That work will also include 
student involvement and is reported separately. 
Process:  Our strategy during this period has been to focus on the modeling tools 
needed for entity behaviors. 
•  Detailed software and model development have allowed modeling of simple Anti-
Terrorist Force Protection (AT/FP) scenarios, as planned. 
•  Great strides have been made in the Viskit visual DES modeling tool. It is now 
being introduced to students taking the MOVES Basic Discrete-Event Modeling and 
Simulation course. 
•  Collaboration with Naval Facilities Command (NAVFAC) has demonstrated 
significant compatible visualization capabilities with SPIDERS3D, an online 
environment available to NMCI users that allows collaborative examination of Navy 
ports and piers worldwide. 
•  A masters thesis documenting the majority of these efforts is undergoing final 
review and approval with release expected during June 2015. 
Illustrative snapshots from simulation and video-capture follow. 
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         Figure 1. Analytic simulation view of SSBN alongside Indian Island ammunition handling pier. 
 
Figure 2. Range rings for sensor detection and operator response illustrate tactical procedures. 
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Concurrent with this project, multiple crowd-sourcing wargames have been 
conducted. MMOWGLI: Massive Multiplayer Online Wargame Leveraging the Internet 
crowd-source brainstorming game for a variety of “wicked problems” and difficult 
topics. MMOWGLI enables collaborative thinking and innovation. Players build Ideas 
and Action Plans together on the Web. This project encourages dialog, clear 
communication and innovation as exemplified by the motto, Play the game, change the 
game! 
These two areas of effort actually have a close relation. Submarine transit protection 
involves many agencies and organizations including U.S. Navy, U.S. Marine Corps 
security forces, U.S. Coast Guard escorts, Department of Homeland Security (DHS) 
agencies, state and local authorities. Private and public experience has shown that 
leaders and groups often “don’t know what they don’t know.” 
MMOWGLI is played over the Web. The game permits meaningful dialog across typical 
organizational barriers to communication by providing focused Call To Action 
challenge, Idea Card responses to key questions of interest, and go-forward Action 
Plan generation. Participants within a trusted population are granted anonymity so 
that they can speak freely and professionally. 
Recent relevant MMOWGLI progress includes: 
•  Portal linking all assets online at https:/portal.mmowgli.nps.edu 
•  Significantly improved network stability when interacting with NMCI players. 
•  Software design safety and risk/benefit analysis independently vetted by 
Institutional Review Board (IRB) formal process. 
•  Public release of MMOWGLI open source on sourceforge.net 
•  Two successful MMOWGLI games in 2015 (dd Data Dilemma and pcc Professional 
Core Competencies) established software reliability and improved reporting of 
results 
•  Implemented CAC-card account creation capability to ensure that authorized 
players can quickly negotiate the login process. Testing in progress. 
As a specific example, the dd Data Dilemma MMOWGLI game characterized the 
difficulties associated with the sharing of Controlled Unclassified Information (CUI) 
among different agencies. We expect that many such questions might be considered 
in an FOUO ssp MMOWGLI game. 
•  Idea Card Chain 2445: Navy must share unclassified data with other agencies for 
ship protection in US ports, but many flavors of CUI inhibit data sharing. 
https://mmowgli.nps.edu/dd/reports/IdeaCardChain_ddMmowgliGame.html#Idea
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Card2445 
•  Action Plan 22, Need common policies for sharing CUI unclassified data with other 
government agencies in order to better protect Navy ships in US ports. 
https://mmowgli.nps.edu/dd/reports/ActionPlanList_ddMmowgliGame.html#Acti
onPlan22 
Findings & Conclusions:  The project is demonstrating that modeling, simulation and 
visualization of important scenarios of interest is feasible using extendable tools and 
libraries designed for student and analyst support. Numerous follow-on activities and 
uses are envisioned. 
Recommendations:   We propose that SSP follow the success of past MMOWGLI games 
and conduct an FOUO wargame that includes 100-1000 participants from across the 
range of organizations. 
An initial wargame proposal follows. All resources are take from open unclassified 
sources. Further briefings and dialog will be needed to explore actual game design. 
Detailed findings, conclusions and recommendations will be found in the forthcoming 
masters thesis in June and project report in September 2015. 
 
High Energy Laser Employment in Self Defense 
Tactics on Naval Platforms 
Researchers:  Jeff Kline, Tom Lucas, Paul Sanchez, Steven Rockwell, and Dustin Schultz 
The Problem Statement: The U.S. Surface Navy is vulnerable to unmanned aerial 
vehicle and small boat swarm attack, particularly when coordinated with a multiple 
anti-ship cruise attack.  Shipboard high energy lasers employed against enemy air and 
surface threats provide the possibility of an effective defense against swarm or 
numerous attacks when combined with other hard and soft kill systems.  Technical 
constraints, however, will require intelligently employing a high energy laser system in 
coordination with other shipboard defense systems against a heterogeneous set of 
threats from a coordinated attack. 
Process and Research Objective: The objective of this research is to build upon 
previous work in solid state modeling and assessment by: 
• Building an agent based model in coordination with Naval Surface Warfare 
Dahlgren K Department using their Orchestrated Simulation through Modeling 
(OSM) framework, 
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• Collecting solid state laser performance against various threats, 
• Constructing tactical situations to represent aerial and surface boat swarms along 
with anti-ship cruise missile attack in the OSM model, 
• Use design of experiments to research the tactics to best employ the solid state 
laser integrated into a DDG’s combat suite and provide a quantitative military 
assessment of the SSL’s value in these situations, 
• Report findings to ASN(RDA), ONR, and the Naval Surface Warfare Development 
Command, 
• Make additional adjustments as required and provide final model to NSWCDD to 
add to the OSM library. 
 
Model status, Findings and conclusions:  The “SSL in OSM” model is now developed by 
the NPS SEED center in coordination with NSWCDD.  LT Rockwell and LT Schultz 
completed their data collection, design of experiment work, and simulations in 
coordinated swarm attacks, each conducting different tactical situations. 
Specific findings are classified, however the addition of a solid state laser to a DDG’s 
combat suite made significant contributions to defending the ship against unmanned 
aerial vehicles.  LT Rockwell and LT Schultz jointly won the Navy Surface Association’s 
Award for Excellence in Surface Warfare Research.  
Findings have been briefed to OPNAV N81 B Mr. Chuck Werchado and his staff, 
NSWCDD staff, OPNAV N96 staff, and ONR’s Mr. Peter Morrison.  ASN (RDA)’s Mr. John 
Burrows is scheduled to be provided the final brief within a month.  Follow-on work 
requested by sponsors included modifying the Solid State Laser capabilities to a more 
powerful system, exploring adding two lasers to the DDG, and multiple ship 
operations.  OPNAV N81B requested a new threat profile be analyzed.  That work will 
be delivered by May 2015.  Permission was also received by ONR sponsor to further 
develop the OSM model to include additional missions and threats.  This work will 
continue throughout the remaining part of the fiscal year. 
Recommendations:  This project’s results will be used by OPNAV staff and ONR staff to 
provide quantitative military assessment and program justification for the solid state 
laser.  Navy Surface Warfare Development Command will use it as a resource to 
develop surface SSL tactics.  As ONR funding and students become available for 
additional research, we will continue enhancements to the “SSL in OSM” simulation 
and explore questions raised by sponsors. 
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Submarine Pier Side Weapons Handling Risk 
Assessment 
Researchers:  Warren Vaneman, and Bonnie Young 
Student:  LCDR William Harley  
Background:  This research will examine a Navy Level 3 Restricted Area, a special type 
of industrial and refit zone that normally handles high value units such as aircraft 
carriers and ballistic missile submarines.  The project will specifically examine the 
needs and interfaces for a weapons handling operational area and will seek an 
extensible architecture and conceptual design that could be tailored for a wide variety 
of naval support activity locations.  NPS researchers will perform an independent 
system of systems (SoS) capability & gap analysis that identify dependencies and 
potential limitations for the Navy Level 3 Restricted Area. 
Process:  Task 1: Identify Data Requirements / Literature Review.  Analyze overall 
facility, required personnel, inclusive security, and mission essential requirements for 
the study that are unique to the Navy Level 3 Restricted Area.  (STATUS: On going) 
Task 2: Develop Conceptual Models.  Collected data will be used to create both an 
architectural model and a system dynamics model to evaluate the system’s structure, 
and to determine system behavior, especially after a disturbance is introduced.  
(STATUS On going) 
Task 3: Provide Empirical Evidence.  Multiple data elements pertain to proper 
modeling of a special facility.  Realistic values are required, but precise classified values 
are not necessary to show viability of the modeling approach.  (STATUS: Not started) 
Task 4: Present Initial Findings.  Resulting products will be briefed back to cognizant 
authorities in the U.S. and in the partner nation as applicable.  (STATUS: Not Started) 
Task 5: Deliver Final Presentation and Final Report.  (STATUS: Projected Nov 2015) 
Findings and Conclusions:  This project had a late start due to a change in the project 
PI.  The project is on track with two faculty members and a student.  Early progress is 
encouraging. 
Recommendations:  The research team is making progress.  However, an additional six 
months may be required to complete this action. 
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United States Marine Corps 
 
21st Century Retention: The Design of Tailored, Non-
monetary Incentives for Retention in the Marine 
Corps Cyber Community (W4821) 
Researchers:  Thomas Albright, Anita Salem, Lucas F. Hernandez and Derek K. 
Johnson  
Background:  MARFORCYBER’s mission is to: plan, coordinate, integrate, synchronize, 
and direct the Marine Corps’ full spectrum of cyberspace operations. MARFORCYBER is 
a young organization and faces a number of challenges in recruiting, training, 
equipping, and retaining cyber personnel. There is a pervasive national shortage of 
qualified cyber personnel, both in the Marine Corps and the Nation at large. To retain 
quality cyber personnel, the Marine Corps must identify those factors that cause cyber 
personnel to separate from active service and explore specific incentives to retain 
them. This research study used Design Thinking to look at how non-monetary 
incentives can be used to increase retention in the Cyber community.  
Process:  Using human-centered design processes, we looked at the attitudes, beliefs, 
motivations and behaviors embedded in the cyber community to help solve the 
problems of retaining high value cyber employees. The research consisted of four 
activities: 
1. Student thesis (Completed: Designing Incentives for Marine Corps Cyber 
Retention. Thesis, 2014. Hernandez, Lucas; Johnson, Derek.   
http://hdl.handle.net/10945/44578.) 
• Conducted a review of relevant literature pertaining to the use of non-monetary 
incentives and deliver a thesis on the topic. 
• Interviewed cyber personnel 
2. Developed a Design Thinking workshop (completed) 
• Developed a 3 day workshop based on earlier research that examined how to 
design solutions to the retention of cyber personnel (Completed). 
3. Conducted a Design Thinking Workshop (completed) 
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• Facilitated a workshop with 20 NPS students focused on designing solutions to 
cyber retention. 
4. Present Findings 
• Faculty will present an overview of findings from the workshop that includes 
recommendations for future actions. 
Findings:  Based on the data gathered and analyzed during the design research phase, 
eleven themes emerged as considerable impacts to Marine cyber workforce retention. 
The themes included items related to incentives, personal factors, and organizational 
influences: 
Key Incentives 
• Monetary incentives 
• Duty station preference 
• Geographic stability 
• Education 
• Transferrable skills and external career opportunities 
• Internal career progression 
 
Important Personal Factors 
• Personal interests and goals 
• Culture and relationships 
Key Organizational Influences 
• Access to technology 
• Involvement in process development 
• Command climate and bureaucracy 
Once these eleven themes were identified, they were incorporated into a Design 
Thinking workshop where the goal was to design conceptual prototypes for 
improving retention in the DOD cyber workforce. These prototypes resulted in three 
retention solutions: 
• Career progression model: Experts are developed by setting transparent 
expectations for career progression, training, and certifications. The model 
assumes changes in motivation throughout ones career. 
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• Closed model: Everyone is a Cyber Warrior and cyber expertise is developed 
internally, starting with targeted recruits and continuing throughout active service. 
This model relies on competition. 
• Fluid career model: Support career change by extending outreach efforts to 
engage and recruit individuals at all stages of a career; align individual skills to 
organizational needs, and adapt processes to support changing career needs. The 
model includes multiple on-ramps and off-ramps to service. 
Recommendations:  An acute understanding of extrinsic and intrinsic motivations is 
required when analyzing the value of incentives to cyber personnel. These motivations 
are further influenced by the unique characteristics and interests of cyber personnel. 
While the use of monetary incentives as extrinsic motivators is a concept traditionally 
used in military retention, it does have limitations. These incentives may not be 
sustainable during fiscally and politically constrained times. Further, this study aligns 
with previous studies to conclude that intrinsic motivators are important to cyber 
professionals. Specifically, we recommend the following: 
Provide tailored incentives to motivate retention 
• Combine incentives 
• Support career change and growth 
• Evaluate retention strategies for each community 
Match talent and experience with the job 
• Improve the detailing process 
• Adapt lateral transfers 
• Improve job recruitment and screening 
• Groom up-and-coming talent 
Create a better working environment with increased job satisfaction 
• Provide fair-minded leadership 
• Invest in highly skilled HR staff and HR technologies 
• Modify work practices to increase job satisfaction 
Build commitment to community 
• Involve Service members in retention strategies 
• Increase team-building activities while afloat 
• Build career roadmaps based on community needs 
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Optimizing USMC Security Force Assistance in the 
Philippines, Thailand, Malaysia, and Indonesia 
Researchers:  Douglas Borer  
Students:  Maj Ben Spera, Maj Antione Fernandes, Maj Travis Taylor, Maj Emmanuel 
Cabahug, MAJ Scott Leuthner 
Background:   Current US strategic guidance has articulated a strategic rebalance to 
Asia to recognize future power trajectories in the region. It is a fact that burgeoning 
great powers (China and India) will continue to rise and directly exert their interests 
regionally. These rising regional interests may clash with those of the United States 
and its key allies (Japan, Korea, Australia, and New Zealand). This study posits that 
ongoing military-to-military engagement with the Republic of the Philippines, 
Malaysia, and Indonesia will be instrumental to maintaining US influence in the region.  
To improve future USMC Security Force Assistance efforts in the region it is critical to 
examine prior bilateral military assistance activities with these countries (whether by 
the United States or other countries).  This study will focus on the history of security 
force assistance activities in these countries (e.g. training assistance and the transfer of 
doctrinal practices) from the colonial periods to the present to identify how these 
activities influence political behavior in the studied countries.  Additionally, 
systematically examining SFA over time will also aid in identifying best practices and 
areas for correction.  By gaining a better understanding of how SFA activities have 
affected specific countries of interest, the USMC can better shape regional and 
country-specific Security Cooperation planning.  Additionally, with the national 
strategic guidance, namely the Strategic Landpower Initiative, pushing for an increase 
in Security Cooperation activities such as SFA, gaining an understanding of the long-
term implications will be important to where and to what extent the United States and 
its armed forces conduct military-to-military engagement activities.  
Process: 
a.   Understand how prior SFA activities impact the political behavior in countries of 
strategic interest to the United States.  
b.   Identify SFA best practices and lessons learned that can be applied to planning for 
future country-specific SFA planning and mission execution. 
c.   Demonstrate to the USMC this research approach is beneficial in understanding the 
long-term implications of SFA activities.    
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d.   Provide USMC students at NPS a service/operationally relevant thesis research 
resource.  
Work in Progress: 
a.  MAJ Ben Spera, The Praetorian Trap: US Efforts to Establish Elite Military Capabilities in 
West Africa.  This project supports NPS-T16-M053 with a focus on how US-led 
efforts in North West Africa developed elite commando forces. 
b.  MAJ Antione Fernandes/MAJ Travis Taylor, Measuring the Effectiveness of Special 
Operations Forces SC Engagements in the 21st Century examines interpersonal 
relationships developed during SFA events as a measure of the effectiveness of 
country-specific SC plans.  This project supports the broad area study in NPS-T16-
M053.   
c.  MAJ Emmanuel Cabahug (PH)/Major Scott Leuthner.  Revitalizing the Joint and 
Combined Exchange Training Program: A Crucial Tool in Security Cooperation 
supports NPR topic NPS-T16-M051 examines how Joint Combined Exchange 
Training events can be better synchronized and measured. 
d.  Faculty Research.  March 2015 Dr. Borer and Col Rice conducted a field research trip 
to the Philippines. Meetings included high ranking US (Embassy, JUSMAG, JSOTF-P, 
and PACOM elements) and AFP officials (J-5, J-8, SOCOM, CGSC). Extensive notes 
and observations are being compiled. 
Findings and Conclusions:  Student Theses Completed (2): 
a.  THE ROLE OF THREAT IN THE DYNAMICS OF THE PHILIPPINE-UNITED STATES 
ALLIANCE Randy M. Pascua 
b.  The Last Mile: Extending Legitimacy using the Principles of Disaster Relief (Don R. 
Meador, Oryan J. Lopes) 
Recommendations:  Pending completion of ongoing research.  
 
Increasing Capacity W/In the Marine Forces Reserve 
Through Training and Education 
Researchers:  LTC Nina D’Amato  
Background:  Qualitative based research with a statistically significantly population of 
581 Marine Reservists (representative of 43,000 Marine Reservists) during the 2014 
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summer yielded several problems with the USMCs enterprise Learning Management 
System, Marine-Net. These problems are rooted in policy, organizational management 
and structure, and emerging technologies, Additional qualitative research (open 
ended structured interviews) with former Commanding Generals and Commanders 
highlights a training and education architecture that is not strategically aligned and 
could be significantly improved for to maintain readiness and increase the capacity of 
the USMC Reserve forces. 
Process:  Design Based Research methodology is best suited for these efforts. Design 
Based Research (DBR) is heavily utilized in the learning and technological sciences and 
is designed for unique research environments that complex problem solving in real 
life poses (Plomp, 2010). Including, varying contexts and developing solutions that 
build off of what is known, but requiring novelty, innovation, creativity, and repeated 
trials in the design space. DBR is a systematic inquiry that includes the following 
phases: 1) preliminary phase: identification and analysis of problems by researchers 
and practitioners in collaboration, 2) prototyping phase: development of prototype 
solutions: informed by state of-art theory, existing design principles and technology 
innovations (process data is collected in this phase), ) iterative cycles of testing, 
refinement, and evaluation of solutions in practice, ) reflection to produce design 
principles' and enhance solution implementation in practice (Reeves, 2006). 
Data will be drawn from qualitative and quantitative sources and, in some cases, 
mixed methods. While qualitative data aims to look at the program holistically zeroing 
in on elements within an ecosystem; quantitative analysts focus on identifying 
associations among variables attempting to model cause and effect. Depending on 
the questions being posed, the method is the means to answering the research 
questions. 
Qualitative data strategies include 1) informal discussions and interviews with staff, 
user-base, and leadership, 2) memos and observations, ) formal interviews, ) written 
questionnaires to clients and staff, ) existing records and document analysis, ) available 
data from other originations at various levels (such as reserve units at the tactical level, 
Marine Force Reserve Headquarters, or the College of Distance Education and 
Training). Students will be expected to develop structured interviews grounded in 
research and reflective of the problem, conduct the interviews, code and analyze the 
data. Additionally, synthesize the data and present the data in a public forum as well 
as in written narrative form (in this case, a presentation of the research and findings 
and a narrative Masters Thesis). 
Findings and Conclusions:  As of now, there are no findings and conclusions to report.  
However, the research is entering the execution phase and will go to the Institutional 
Review Board during early July, 2015. 
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Applying a Model-Based Systems Engineering 
Methodology to Improve Expeditionary and 
Operational Reach for Marine Corps Forces 
Researchers:  Eugene Paulo, Paul Bourgeois, Bradley Kelley, John Petrusky, John 
Williamson, and Jonathan Yi 
Background:  The Marine Corps Expeditionary Energy Strategy and Implementation 
Plan clearly identifies the Commandant of the Marine Corps’ (CMC’s) commitment to 
meeting the DoD mandate to reduce its dependence upon fossil fuels in the planning 
and execution of Marine Corps missions. Currently, U.S. Marine Corps Forces, Pacific 
(MARFORPAC) has no capability to model various deployment scenarios and perform 
trade-off analysis based upon a combination of factors to include: combat power 
delivered (as a function of unit composition), mission type, expediency of forces 
arriving in the Area of Operations (AO) (i.e. time to arrive on station in a combat-ready 
state), and fuel consumption. MARFORPAC requires a capability to adjust model 
parameters in order to determine the trade space for achieving sufficient combat 
power for the specified mission, in an expeditious timeframe, while minimizing fuel 
consumption. A primary consideration for expeditionary deployments for 
MARFORPAC is the potential for an extremely large AO, resulting in very long 
distances required to deploy necessary forces. 
The focus of this effort is to address MARFORPAC expeditionary capabilities over what 
are potentially very great distances, determine if there are current capability gaps, and 
assess a variety of solutions to bridge that gap.  Additionally, we plan to examine 
energy needs for these solutions, and to do so within the context of the development 
of several relevant and distinct, but related, missions and scenarios. A complementary 
project (also a Masters capstone project conducted by Marine civilians and active duty 
students) is being conducted concurrently and is being advised by the same PI, and is 
sponsored by the Expeditionary Energy Office (E2O).  The director of E2O is serving as 
a very active stakeholder in this MARFORPAC project as well. 
Process:  This study is being conducted by 5 non-resident Masters students, all USMC 
civilian engineers, in the Systems Engineering Department, and serves as their 
capstone project conducted in lieu of a thesis. The goals and objectives of this 
capstone project are to perform the initial systems engineering analysis of the desired 
MARFORPAC capability to include: 
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• stakeholder analysis and data collection 
• identifying assumptions and constraints 
• defining the system boundary and constructing a system context diagram 
• performing operational analysis and developing operational scenarios (use-
cases) 
• developing Measures of Effectiveness and Measures of Performance 
• performing functional analysis  and constructing a system functional 
architecture 
• developing an initial model that allows a trade-off analysis between key 
attributes identified by MARFORPAC 
Summary of Current Status:  The students have been formally working on this 
capstone project only since the first week in April 2015.  They will provide a formal in-
progress review (IPR) to the sponsor during the week of 8 June 2015.  They are on track 
to complete their work and graduate in December 2015. 
 
MARFORRES Realignment Optimization 
Researchers:  Javier Salmeron, and Robert Dell  
Background:  The U.S. Marine Forces Reserve (MARFORRES) is conducting a series of 
realignment studies where discretionary changes may benefit from formal 
mathematical analysis. The purpose of this study is to develop an optimization tool to 
guide and/or support Commander, MARFORRES (CMFR) decisions. Specifically, the 
siting of MARFORRES units and the potential regional consolidation of existing Reserve 
Training Centers (RTCs) is critical to ensuring long-term sustainability of the units from 
both an economic and a readiness perspective.  
Process:  Realignment decisions rely on four main pillars: existence of adequate 
facilities; access to training areas; how realignment affects the people in each unit; and 
cost effectiveness. As stated in a recent CMFR Information Brief, related primary 
considerations also include demographics, specific RTC features required by a unit, 
and a variety of costs involved in siting a unit at a new RTC such as operational costs of 
the facility (e.g. utilities), improvements costs (e.g. reconfiguration, upgrading, or 
expansion of existing facilities) and the cost of new military construction.  
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The decision support tool sought by this research relies on the successful 
development and computational implementation of a mathematical optimization 
model, and on the collection of a considerable amount of data. Inputs include: USMCR 
units; RTC locations; characteristics of supporting training areas within the region; 
characteristics of supporting Dept. of Defense base and installations; table of 
organization by unit; personnel home address; distances between RTCs and 
supporting training areas; specific facility characteristics (e.g., size, condition) for each 
RTC (including maintenance facilities, drill halls, classrooms, gyms, administration 
offices, command suites, equipment warehouses, armories, parking, etc.); operating 
costs by RTC; planning figures for determination of facility expansion options; 
planning figures for equipment transportation; indicator of disruption to existing 
commitments if a unit is relocated; indicator of risk or value for certain units to be 
collocated; and, demographic data such as recruiting ratios achievable at each RTC.  
We have provided MARFORRES with a series of Microsoft Excel forms to help them 
organize the collection and supply of the above information for our first exercise with 
data from the units and RTCs in the San Francisco, CA and Sacramento, CA areas. Part 
of the information will be supplied electronically from existing data systems. Other 
data will be collected during the site visits to those RTCs, currently scheduled for May 
27-28 for MARFORRES personnel accompanied by the project co-PIs.  
Once the model results are validated, we intend to develop a graphical user interface 
(GUI) to allow analysts at MARFORRES to modify and/or input new data required by 
the optimization tool and analyze the results in a friendly environment. The GUI will be 
developed in Microsoft Excel and VBA language, and will be completed in the first half 
of FY16.  
Findings, Conclusions and Recommendations:  In Progress 
 
Captured Cost of Current Tactical OTH Commun-
ications Capabilities for Extended Magtaf OPS 
Researchers:  Gurminder Singh, John Gibson, and Man-Tak Shing, 
Students:  Capt Ben Tuck, USMC, and Capt Peter Bose, USMC 
Background:  The objective of this project is to analyze the fully captured cost (USMC 
and DOD enterprise costs) of current over the horizon communication and its 
ramifications for equipping the MAGTF during ship to shore operations in support of 
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amphibious and MPF operations in conventional and STOM scenarios. The study will 
consider both attended and unattended communications systems. It will consider 
terrestrial, aerial, and space-based communications systems. 
Process:  This effort is being accomplished through a combination of student group 
projects and individual thesis efforts by Capt Ben Tuck and Capt Peter Bose. We plan to 
collect data through several channels including: review of systems as authorized by 
Tables of Equipment/Authorization for the various MAGTF organizations; review of 
field experiments and exercises conducted by pertinent USMC organizations, such as 
MCWL, Infantry Officer Course, Weapons Tactics Instructor school; and representative 
MEF/MEB lessons-learned/after-action reports.  
Findings and Conclusions:  Capt Ben Tuck USMC and Capt Peter Bose USMC have 
signed up to take this project as their M.Sc. (Computer Science) thesis. They have 
produced a joint thesis proposal which has been approved and signed by the CS 
Department Chair. 
Recommendations:  Currently literature review is underway and background chapter 
is in progress. 
Another student is considering this topic for research as well. He may serve as a follow-
on effort which will include faculty from another department. 
 
Extended MAGTAF Operations Aerial Layer 
Communications Experimentation 
Researchers:  Gurminder Singh, John Gibson, and Man-Tak Shing 
Students:   Capt Jamie Claflin, USMC 
Background:  The objective of this project is to study current and emerging aerial layer 
communications, such as balloons or small form factor aerostats (tethered and 
untethered) and long-endurance UAVs, to provide high-capacity, high-availability 
communications support in satellite-denied terrain.  Through field experiments of 
leveraging COTS technologies, the study will address the feasibility of purported aerial 
layer architectures. The current status and direction of the Joint Aerial Layer Network 
will be considered within the study. The results of the study will inform best options to 
equip expeditionary forces with reliable Over-the-Horizon, On-the-Move 
communications to the tactical end user. 
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Process:  This effort is being accomplished through a series of field experiments to try 
out various OTH (Over the Horizon) communications. In each experiment, we set up a 
configuration that uses a specific set of equipment and devices. Once the 
configuration has been set, we collect data which is subsequently analyzed and 
documented. This analysis tells us about the suitability of the configuration for our 
objectives. 
Findings and Conclusions 
• A thesis proposal has been approved and signed by the CS Department Chair. 
• Conducted the following field experiments: 
 
o Camp Roberts – measured link throughput of target COTS radio over ground 
link to verify readiness for SkySat (high-altitude balloon) testing (March 15) 
o MCAS Yuma – launch Wave Relay radio on SkySat balloon system and 
measured link performance as the balloon drifted down range. Identified areas 
of concern with respect to link budget (signal-to-noise ration and received 
signal strength) 
• Chapter 2 of thesis completed and reviewed 
• Chapter 3 in progress 
• Developing follow-on field demonstration recommendations 
Recommendations:  Since this work is underway, there are no significant 
recommendations are to make. Data compilation and analysis need to be completed 
and documented before specific recommendations can be made. 
Sponsor/advocate has requested follow-on study based on preliminary results of the 
Yuma field experiment. 
